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i n  t h i s  i n t e r c r o p p i n g  of  long  d u r a t i o n  c r o p s  was b e t t e r  than t h a t  o f  
s h o r t  d u r a t i o n  c r o p s  i n  terms o f  b e t t e r  l ight  u t i l i z a t i o n ,  land e q u i v a l e n t  
r a t i o  and n e t  r e t u r n s .  ~orghum/pigeonpea,  rni l le t /pigeonpea and groundnut/ 
pigeonpea were t h e  b e s t  having a  y i e l d  advantage o f  over  50%, and n e t  
r e t u r n s  of  over  R s  2500/ha. S e q u e n t i a l  c ropping  was a l s o  a  f e a s i b l e  
cropping system g i v i n g  a  n e t  r e t u r n  of  about  R s  2500/ha. However, r e l a y  
cropping i n  f a c t  gave n e g a t i v e  r e t u r n s ,  and a l s o  a  l o t  o f  problems were 
experienced whi le  p l a n t i n g  t h e  r e l a y  c r o p  wi thout  damaging t h e  f i r s t  
c rop  and h a r v e s t i n g  t h e  f i r s t  crop.  Ratoon cropping was a l s o  no t  ecollomical 
INTRODUCTION 
INTRODUCTION 
The Semi-Arid T r o p i c s  (SAT) where p r e c i p i t a t i o n  exceeds 
t h e  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  from 2 t o  7  months (Trol ,  1966) 
r e p r e s e n t s  d i v e r s i t y  o f  s o i l s ,  c l ima te  and peop le .  The s o i l s ,  
p a r t i c u l a r l y  r e d  s o i l s  ( A l f i s o l s )  which a r e  predominant,  a r e  low 
i n  o rgan ic  m a t t e r ,  and have low mois tu re  ho ld ing  capac i ty .  The 
r a i n f a l l  i s  e r r a t i c  and undependable, most ly  o c c u r r i n g  i n  h igh 
i n t e n s i t y  t o r r e n t s  and t h e  r a i n f a l l  season r a r e l y  exceeds 1 5 0  days 
(\ ' irmani, 1976).  The farmers  a r e  poor and i l l i t e r a t e ,  t h e  farm 
holdings  a r e  sma l l ,  t h e  main source  o f  power i s  t h e  bu l lock ,  and 
t h e  source  o f  labour  i s  most ly  t h e i r  o1a-1 fami ly  members and t h e r e  
i s  l i t t l e  c a p i t a l  inves tment .  A l l  t h e s e  summed up make a g r i c u l t u r e  i n  
t h e  SAT a  v e r y  d i f f i c u l t  t a s k ,  and it i s  n o t  s u r p r i s i n g  t h a t  most o f  
t h e  r eg ions  under SAT a r e  f aced  wi th  food shor t age  i n  one p a r t  o f  t h e  
year  o r  throughout  t h e  whole yea r  (Norman, 1974). I n  a d d i t i o n ,  t h e  
popula t ion  o f  most SAT c o u n t r i e s  has  doubled i n  t h e  p a s t  t h i r t y  yea r s .  
Farmers have a t tempted t o  double a g r i c u l t u r a l  p roduc t ion  by i n c r e a s i n g  
t h e  s i z e  o f  l and  under c u l t i v a t i o n .  Due t o  popu la t ion  p r e s s u r e ,  t h e r e  
i s  now ve ry  l i t t l e  l and  o r  no l and  t o  expand, and t h e  on ly  a l t e r n a t i v e  
l e f t  i s  t o  i n c r e a s e  t h e  cropping i n t e n s i t y  o r  improve t h e  t r a d i t i o n a l  
cropping systems o r  i n t roduce  new ones.  
Faced w i t h  t h e s e  problems,  farmers  have deve loped  t h e i r  own 
t r a d i t i o n a l  c ropping  sys tems ,  and have a t tempted  t o  maximize r e t u r n s  
by u s i n g  t h e  fami ly  l a b o u r  and l i m i t e d  r e s o u r c e s  t h a t  t h e y  have .  
Desp i te ,  t h e  importance o f  t h e s e  t r a d i t i o n a l  c ropping  s y s t e m s ,  v e r y  
l i t t l e  r e s e a r c h  had been c a r r i e d  o u t  on them. However, r e c e n t l y  
i n t e r e s t  h a s  been shown on t h i s  a s p e c t  i n  b o t h  n a t i o n a l  and 
i n t e r n a t i o n a l  programs (Norman, 1974).  Some o f  t h e  common t r a d i t i o n a l  
c ropping  systems have been o u t l i n e d  by Aiyer  (1949) and Krishnamoorthy 
(1978).  Some p r e l i m i n a r y  work on t h e s e  c ropping  systems h a s  been 
c a r r i e d  o u t  a t  ICRISAT (ICRISAT, 1976-1981) and h a s  s h o m  t h a t  it 
i s  p o s s i b l e  t o  improve them by u s i n g  improved v a r i e t i e s  and 
c u l t u r a l  p r a c t i c e s .  
F e r t i l i z e r  a p p l i c a t i o n  i s  an i n t e g r a l  component o f  improved 
c ropping  sys tems ,  b u t  most fa rmers  i n  t h e  d r y l a n d  s i t u a t i o n s  r a r e l y  
a p p l y  any f e r t i l i z e r  t o  t h e i r  f i e l d s  (ENSP, 1980).  According t o  
ENSP F e r t i l i z e r  In format ion  B u l l e t i n  No.13 (1980),  f e r t i l i z e r  
r e p r e s e n t s  one of  t h e  key i n p u t s  f o r  r a i s i n g  t h e  y i e l d  o f  d r y l a n d  
c rops .  So it i s  impor tan t  t o  conduct  r e s e a r c h ,  
main ly  t o  s e e  how t h e s e  improved c ropping  sys tems  per form 
under  d i f f e r e n t  f e r t i l i t y  l e v e l s .  A s  legumes a r e  known t o  f i x  
n i t r o g e n  (Agboola and Fayemi 1972) t h a t  would b e n e f i t  a  non- 
n 
leguminous c r o p  i n  a s s o c i a t i o n  w i t h  t h e  legume (Rao 1980) ,  t h e n  
i t  would b e  advantageous t o  i n c l u d e  a  1egumecs)in t h e  c ropping  
system, e i t h e r  a s  an i n t e r c r o p  o r  a s  p a r t  o f  t h e  r o t a t i o n .  
Another v c r y  i m p o r t a n t  a s p e c t  o f  :m improved c r o p p i n g  system 
i s  t h e  c h o i c e  o f  c r o p s  and v a r i e t i e s  (Kxnwar, 1970)  and a l s o  c r o p  
combinat ions t h a t  w i l l  l c a d  t o  h i g h e r  y i e l d  a d v a n t a g e s .  
I t  was w i t h  t h i s  background i n f o r m a t i o n  t h a t  t h e  p r c s e n t  
experiment  was t a k e n  up on an o p e r a t i o n a l  s c a l e ,  and a t  d i f f e r e n t  
f e r t i l i t y  l e v e l s .  'This experiment e n t i t l e d  "Eva lua t ion  o f  d i f f e r e n t  
c ropping  sys tems  f o r  A l f i s o l s  under  d i f f e r e n t  f e r t i l i t y  l e v e l s  on an 
o p e r a t i o n a l  s c a l e "  was des igned  w i t h  t h e  f o l l o w i n g  o b j e c t i v e s .  
1. To examine t h e p r o d u c t i v i t y  and p r o f i t a b i l i t y  o f  
d i f f e r e n t  c ropping  sys tems  based on a  r e s e a r c h  
wate rshed  on an o p e r a t i o n a l  s c a l e .  
2 .  To f i n d  o u t  how an improved system would per form 
under  d i f f e r e n t  f e r t i l i t y  l e v e l s .  
3 .  To f i n d  o u t  t h e  major  o p e r a t i o n a l  problems 
a s s o c i a t e d  w i t h  t h e  d i f f e r e n t  c ropping  sys tems .  
REVIEW OF LITERATURE 
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2.1 D e f i n i t i o n s  
2.1.1 Cropping System 
LITERATURE REl'IElV 
Cropping system was o r i g i n a l l y  de f ined  by Andrews and Kassam 
(1976) a s  t h e  cropping p a t t e r n  used on a  farm and t h e i r  i n t e r a c t i o n  
w i t h  farm r e s o u r c e s ,  o t h e r  farm e n t e r p r i s e s  and a v a i l a b l e  technology 
which determine t h e i r  make up. La te r  on, Willey (1977) de f ined  it 
a s  t h e  combination o f  crops  i n  space and t ime wi th  an o b j e c t i v e  t o  
p rov ide  h igh  and s t a b l e  r e t u r n s .  
2.1.2 Mixed Cropping 
Mixed cropping was de f ined  by Aiyer  (1949) a s  t h e  p r a c t i c e  
o f  growing two o r  more crops  s imul taneous ly  i n  t h e  same f i e l d ,  wi th  
no d i s t i n c t  row arrangement.  Crop i n t e n s i t y  i s  i n c r e a s e d  i n  b o t h  
t ime and space.  
2.1.3 In te rc ropp ing  
T h i s  i s  de f ined  a s  t h e  growing o f  two o r  more c rops  
s imul taneously  on t h e  same p i e c e  o f  l a n d ,  i n  a  d i s t i n c t  row a r range-  
ment. There  i s  both  i n t e r  and i n t r a - c r o p  compe t i t ion  dur ing  a l l  o r  
part o f  t h e  crop growth. Crop i n t e n s i f i c a t i o n  i s  bo th  i n  t ime and 
space dimensions (Andrews and Kassam, 1976). 
2.1.4 Sequen t i a l  c ropping 
Growing two o r  more c rops  i n  sequence on t h e  same p i e c e  o f  
f i e l d  p e r  year  (one farming yea r  i s  assumed t o  be 12 months except  i n  
ve ry  a r i d  a r e a s  where one c rop  can bc grown every  2 y e a r s )  i s  known 
a s  s e q u e n t i a l  c ropping (Andrews and Kassam, 1976). The succeeding 
crop i s  p l a n t e d  a f t e r  t h e  preceding crop has  been ha rves t ed .  Crop 
i n t e n s i f i c a t i o n  i s  o n l y  in t ime  dirncnsion a lone ,  and t h e r e  i s  no 
i n t e r c r o p  compet i t ion .  
2 . 1 . 5  Relay cropping 
T h i s  i s  t h e  p r a c t i c e  o f  growing one o r  more c rops  smulta-  
neous ly  du r ing  p a r t  o f  t h e  l i f e  c y c l e  o f  e a c h . i  I n  most c a s e s ,  a 
second crop i s  sown a f t e r  t h e  f i r s t  one has  reached i t s  s e n i l e  
phase ,  but be fo re  it i s  h a r v e s t e d  (Andrews and Kassam, 1976).  
2 .1 .6  Ratoon cropping 
T h i s  i s  t h e  c u l t i v a t i o n  o f  crop regrowth a f t e r  t h e  comple- 
t i o n  o f  ha rves t  of  t h e  main crop. I t  i s  commonly p r a c t i s e d  i n  
sugarcane and p a s t u r e  g r a s s e s .  In  food c rops ,  it i s  more common i n  
sorghum. U t i l i z e s  a p i c a l  dominance phenomenon (P luckne t t ,  -- e t  a l ,  1970: 
2.1.7 Sole  cropping 
T h i s  i s  growing one crop v a r i e t y  a lone  i n  pure  s t a n d  a t  
normal d e n s i t y  i n  one growing season.  
2 . 2  T r a d i t i o n a l  Cropping Systems 
In  r e g i o n s  o f  low r a i n f a l l  (300 m m ) ,  s h o r t  growing season 
( 2  months) and sha l low s o i l s ,  g r a s s  i s  t h e  p r i n c i p a l  c rop (Arnon, 
1972).  K i t h  i n c r e a s i n g  r a i n f a l l  and growing season ,  t h e  dominant 
c e r e a l  changes from p e a r l  m i l l e t ,  t h rough  sorghum t o  maize.  Flixed 
cropping dominates and i s  mainly  combinat i o n s  o f  r e l a t i v e l y  long 
d u r a t i o n  c rops  l i k e  pigeonpea and sorghum (Krishnamoorthy,  1978).  
Relay and s e q u e n t i a l  c ropping a r e  p r a c t i c a l l y  unknown (Krishnamoorthy, 
1978; Okigbo, 1976).  According t o  Kanwar (1970),  t r a d i t i o n a l  
v a r i e t i e s  g r o w  i n  d ry lands  a r e  o f  long d u r a t i o n  and i n v a r i a b l y  
s u f f e r  much moi s tu re  s t r e s s .  Na tu ra l  s e l e c t  i o n  o p e r a t e d  i n  f avour  
of s u r v i v a l  r a t h e r  t h a n  p r o d u c t i v i t y ,  so t h a t  t h e s e  c rops  h a r d l y  
respond t o  i n p u t s  and h i g h  l e v e l  o f  management (Kanwar, 1970).  
Hence, t h e s e  t r a d i t i o n a l  c ropping systems a r e  c h a r a c t e r i z e d  by low 
and u n s t a b l e  y i e l d s  (Krishnamoorthy, 1978).  
Krishnamoorthy (1974) r e c o g n i z e s  3 t y p e s  o f  c ropping systems 
f o r  t h e  d ry lands :  
2.2.1 Cropping system f o r  a b e r r a n t  weather  
T h i s  mainly  i n c l u d e s  ad jus tmen t s  f o r :  
a.  de layed o n s e t  o f  t h e  r a i n s  
b. long gaps i n  r a i n f a l ,  and 
c. e a r l y  s toppage o f  t h e  r a i n s .  
?'he p r i n c i p l e s  involved a r e  t h e  cho ice  o f  a l t e r n a t e  c rops ,  
r a toon ing ,  t h i n n i n g  and p o s s i b l y  crop l i f e  sav ing  i r r i g a t i o n .  
2 . 2 . 2  Cropping sys tems f o r  minimizing f e r t  i l i z e r  use  
These invo lve :  
a ,  improving t h e  e f f i c i e n c y  o f  f e r t i l i z e r  u s e ,  s p l i t  
a p p l i c a t i o n  i n  r e l a t i o n  t o  crop needs  and a v a i l a b l e  
mois tu re ,  placement and i n  s p e c i f i c  c a s e s  f o l i a r  
a p p l i c a t i o n ;  
b. development o f  s u i t a b l e  cropping systems. The i n c l u s i o n  
o f  a  legume i n  t h e  cropping system saves  on n i t r o g e n  and 
i n c r e a s e s  phosphate  use .  
2 . 2 . 3  Cropping sys tems f o r  r i s k  minimizat ion and d i s t r i b u t i o n  
T r a d i t i o n a l  cropping systems a r e  c h a r a c t e r i z e d  by low r i s k  
and low y i e l d .  The problem i s  how t o  combine low r i s k  w i t h  h i g h  
y i e l d .  T h i s  can be achieved by: 
a .  developing a cropping system t o  meet a b e r r a n t  weather ;  
b. combine low monetary i n p u t s  w i t h  h i g h  l e v e l  management, 
e .g .  s e l e c t i o n  o f  c r o p s  and v a r i e t i e s ,  cho ice  o f  sowing 
d a t e ,  p l a n t  p o p u l a t i o n ,  c rop  geometry and weeding; 
c. supplementing t h e  n a t u r a l  r e s o u r c e s  w i t h  monetary i n p u t s  
such a s  f e r t i l i z e r ,  ground wa te r  e t c .  
Okigbo (1974)  w h i l e  r ev iewing  allout t h e  t r a d i t i o n a l  
cropping sys tems i n  A f r i c a ,  r e p o r t e d  t h a t  mixed cropping dominated. 
The s t u d i e s  i n d i c a t e  t h e  f o l l o w i n g  advan tages  o f  mixed cropping:  
1. An e f f i c i e n t  u t i l i z a t i o n  o f  r e s o u r c e s  s i n c e  
compat ib le  c rops  u t i l i z i n g  n u t r i e n t s  o f  v a r i o u s  
k i n d s  a t  d i f f e r e n t  l e v e l s  cou ld  s u b s i s t  mutua l ly  
w i t h  one  a n o t h e r .  
2 .  An i n s u r a n c e  a g a i n s t  c rop  f a i l u r e  due t o  d i s e a s e s ,  
p e s t s  and o t h e r  adver se  env i ronmenta l  c o n d i t i o n s .  
3 .  A con t inuous  c o v e r  o f  t h e  s o i l  t h roughou t  t h e  y e a r  
p r o t e c t i n g  it a g a i n s t  e r o s i o n  e s p e c i a l l y  when c rops  
a r e  h a r v e s t e d  a t  d i f f e r e n t  t i m e s  and t h e i r  growth 
p e r i o d s  o v e r l a p .  
4 ,  The a v a i l a b i l i t y  o f  a  r ange  o f  food s t u f f s  a t  
d i f f e r e n t  t imes  o f  t h e  y e a r ,  t h u s  e n s u r i n g  a more 
ba lanced  d i e t  and minimizing s t o r a g e  problems. 
Raker (1974) reported that in many semi-arid regions, farmers 
with limited resources have tr:iditionally ~nter-cropped their lands 
to minimize risks associated with monocult~~re and to assure a more 
stable subsistence in terms of food, nutrition and possible income. 
Although the importance of mixed cropping in traditional 
agriculture was realised a long time ago (Nicol, 1935, Aiyer, 1949), 
it is only recently that the desirability to do research on mixed 
cropping under improved technological conditions has been realised. 
Kanwar (1970) reviewed the role of traditional cropping 
systems in India, in increasing food production, alleviating poverty 
and also the problems associated with it (technical, economic, and 
sociological) and concluded that there were numerous potentials 
which have not yet been exploited. 
Spratt et a1 (1978) and Krishnamoorthy (1978) separately 
concluded that as rainfall increases, cropping systems change from 
sole cropping to intercropping to double cropping. They gave the 
following recommendations, according to the amount of rainfall 
received per year. 
500 - 625 mm - sole crop 
625 - 715 mm - intercropping 
750 - 900 mm - sequential cropping 
2.3 Improved cropping systems 
2.3.1 Intercropping 
Willcy (1977) stated that "in fact there is increasing 
evidence that yield advantage may be possible whatever the level 
of development and it can wcll be argued that intercropping should 
be seen as a crop improvement pathway as necessary and as potentially 
fruitful as monocropping". 
For a long time, intercropping has been considered to be 
characteristic of poorly developed, traditional agriculture. A 
good illustration has been given by Norman (1974) in his studies 
of traditional agriculture in Northern Nigeria. The main controversy 
surrounding intercropping accordiilg to Chnrreau (1977) is whether it 
is possible at a higher level of technology where more inputs are 
available to farmers and either animal cultivation or tractor 
is used. The idea all along has been that sole cropping is the 
solution to the problems of the tropics. However, Baker and 
Yusuf (1976) reported that "it is the lack of knowledge of the 
principles underlying mixed cropping that has prevented the 
application of improved technology and the development of more 
productive mixed cropping systems". 
Advantages of intercropping 
lCith regard to productivity per unit area, intercropping 
superiority over sole cropping would arise from a better use of 
environmnet's resources : light, water and mineral nutrients 
(Charreau, 1977). 
For a y i e l d  a d v a n t a g e  t o  b e  o b t a i n e d  i n  t h e  i n t e r c r o p p i n g  
s i t u a t i o n ,  t h e r e  must b e  some "complcl:1er1tnrit y" I ~ e t ~ v e c n  c r o p s ,  
r e d u c i n g  t h e  i n t e r c r o p  c o m p e t i t i o n  (I\ ' i l  l e y ,  1 9 7 9 ) .  
The y i e l d  a d v a n t a g e s  shown i n  i n t e r c r o p p i n g  s i t u a t i o n s  have  
o f t e n  b e i n g  a t t r i b u t e d  t o  t e m p o r a l  r a t h e r  t h a n  s p a t i a l  e f f e c t s  
(Andrews, 1 9 7 7 , O s i m  and l i ' i l l e y ,  1977 ,  Kran tz  e t  a 1  1976 ;  Roo 
-- 
and Wi ley ,  1 9 8 0 ) .  'fiis seems e s p e c i a l l y  t r u e  f o r  l i g h t  which 
cannot  be  s t o r e d  (Baker  & Yusuf,  1976 ,  h ' a t a r n j a n  and I t r i ley,  1 9 8 0 ) .  
1--- 
I n  c a s e  of s p a t i a l  coniplementar i l 'y  a  combined l e a f  canopy might  
make b e t t e r  u s e  o f  l i g h t ,  o r  combined r o o t  sys tems  make b e t t e r  u s e  
o f  n u t r i e n t s  and w a t e r  ( F i s h e r ,  1976 ,  N a t a r a j a n  and K i l e y ,  1980 ,  
\ - .  
Reddy and Wiley,  1981) 
Water i s  o f  p r i m a r y  i m p o r t a n c e  i n  t h e  s e m i - a r i d  t r o p i c s  and 
t h e  main a d v a n t a g e  o f  i n t e r c r o p p i n g  may be a t t r i b u t e d  t o  more e f f i c i e n t  
u s e ,  b o t h  s p a t i a l  and t e m p o r a l  ( K u r t z ,  1952 ,  Reddy and W i l l e y ,  1981) .  
I l l e r e  i s  some e v i d e n c e  t h a t  i n t e r c r o p p i n g  r o o t  s y s t e m s  may e x p l o i t  
a g r e a t e r  volume o f  s o i l  and t h a t  t h e  r o o t s  o f  a  l a t e r  d e v e l o p i n g ,  
deep  r o o t i n g  c r o p  may be f o r c e d  d e e p e r  by  t h e  p r e s e n c e  o f  a n  e a r l i e r  
d e v e l o p i n g ,  s h a l l o w  r o o t i n g  c r o p  ( W i l l e y ,  1 9 7 7 ) .  
There  i s  e v i d e n c e  t h a t  i n t e r c r o p p i n g  c a n  r e s u l t  i n  a g r e a t e r  
i n t a k e  o f  n u t r i e n t s  (Sharma, 1 9 7 9 ) .  T h i s  may r e s u l t  from i n c r e a s e d  
r o o t i n g  d e p t h s  o r  f rom t e m p o r a l  d i f f e r e n c e s  i n  n u t r i e n t  r e q u i r e m e n t s .  
h'here t h e  i n t e r c r o p p i n g  s i t u a t i o n  i n c l u d e s  a legume,  which i s  common, 
t h e  n i t r o g e n  i n t a k e  o f  t h e  o t h e r  non- leguminous  component may b e  
improved ( S a r a t  e t  a l ,  1975; Ahmcd e t  a l ,  1974;  Rao, 1980; S e a r l e  
--
e t  a l ,  1981) .  The b e n e f i t  i s  l i k e l y  t o  depend on t h e  r e l a t i v e  growth 
--
p a t t e r n s .  S h o r t e r  s e a s o n  legumes u n d e r  l o n g  s e a s o n  non- leguminous  
c rops  may be  b e n e f i c i a l .  T h i s  i s  because  t h e  legumes e x c r e t e  n i t r o g e n  
(Agboola and  Fayemi, 1971) which can be  u t i l i z e d  b y  t h e  l o n g  s e a s o n  
non-legume (Sharma, 1979) e i t h e r  by  c u r r e n t  t r m s f e r  o f  r e s i d u a l  e f f e c t s .  
O t h e r  advan tages  a t t r i b u t e d  t o  i n t e r c r o p p i n g  i n c l u d e  b e t t e r  p r o t e c t i o n  
o f  s o i l  a g a i n s t  e r o s i o n  (Kampen, 1979) ,  d i s e a s e s  (b luk i ib i ,  1980) ,  weeds 
(htugabe, 1980 ,  S h e t t y  e t  a l ,  1 9 7 9 ) .  These b e n e f i t s  do n o t  a u t o m a t i c a l l y  
o c c u r  i n  a l l  i n t e r c r o p p i n g  s i t u a t i o n s ,  b u t  t h e y  may c e r t a i n l y  b e  o b s e r v e d  
f o r  some m i x t u r e s  o f  c r o p s  i n  a  g iven  c l i m a t i c  and s o i l  env i ronmen t .  
V,%en compared w i t h  s o l e  c r o p p i n g ,  t h e  p r o d u c t i v i t y  i s  
e x p r e s s e d  i n  t e r m s  o f  monetary  advan tage  ( W i l l e y ,  1977)or Land E q u i v a l e n t  
R a t i o  n o r m a l l y  r e f e r r e d  t o  a s  LER ( W i l l e y ,  1979) .  Land E q u i v a l e n t  
R a t i o  i s  t h e  most common. 
As f a r  as i n t e r c r o p p i n g  i s  conce rned ,  y i e l d  a d v a n t a g e s  r a n g i n g  
from 10-17% compared w i t h  s o l e  c r o p p i n g  have been  r e p o r t e d ( N a t a r a j a n  and 
W i l l e y ,  1980;  Rao and W i l l e y ,  1980;  Reddi e t  a l ,  1980) .  I t  a l s o  appea r s  
t h a t  t h e  l a r g e s t  i n c r e a s e  i n  r e t u r n s  p e r  s u r f a c e  u n i t  a r e  found i n  
expe r imen t s  where t h e  growth p a t t e r n s  o f  t h e  var ious  component c rops  
a r e  c l e a r l y  d i f f e r e n t  (Andrews, 1972;  Baker ,  1974; Baker  and 
Yusuf ,  1976;  W i l l e y ,  1 9 7 9 ) .  T h i s  f a c t  s u p p o r t s  t h e  a s sumpt ion  
that the effects rcsulting from a better use of environmental 
rcsources the temporal aspects may be seen to be more important 
than spatial ones. 
The performance of intcrcropping as compared to sole cropping 
with regard to fertilizer application is about the same, although 
the monetary advantage tends to increase when additlon of fertilizer 
is increased (Rao and Willey, 1978). 
Krantz et a1 (1976) showed that contrary to rather widespread 
- -
opinion, it is possible to complete the cultural operations with 
animal traction in the intercropping situation, except harvesting. 
llence it is more or less the simplicity of monocropping othcr than 
the sophistication of intercropping which hinders the progress of 
intercropping (Yusuf and Baker, 1976). According to Jodha ( 1 9 7 7 ) ,  the 
extent of mixed cropping is closely associated with quality and size 
of the resource base. hlixed cropping decreases and sole cropping 
increases with improvement in the resource base. Massive resource 
improvements orient the cropping patterns towards high value crops 
and tend to reduce the importance of intercropping. 
Some common intercropping systems 
i) Sorghum/Pigeonpea 
This is an example of intercropping a long season pulse crop 
with a short or medium duration cereal crop. During the early trials, 
Krishnarnoorthy et a1 (1978) obtained a land equivalent ratio of only 1.2. 
-- 
T h i s  low y i e l d  advantage  was a t t r i l ~ u t e d  t o  an in:lclecluclte a p p r e c i a t i o n  
o f  t h e  s p a t i a l  and tempora l  a t t r i b u t e s  on c r o p  p o p u l a t i o n  and p o o r  
c h o i c e  of  v a r i e t i e s .  
L a t e r  on work c a r r i e d  o u t  a t  ICRISAT (Rao e t  1, 1982) showed 
t h a t  i n t e r c r o p p e d  sorghum y i e l d s  were 89% o f  t h e  s o l c  c r o p  and 59% 
i n  c a s e  o f  p i g e o n p e a ,  g i v i n g  a  y i e l d  a d v a n t a g e  o f  48%. N a t a r a j a n  
and W i l l e y  (1980) ;  and Rao (1980) have shown t h a t  i t  i s  p o s s i b l e  t o  
grow t h e  i n t e r c r o p s  a t  s o l c  c r o p  p o p u l a t i o n s  w i t h o u t  a f f e c t i n g  t h e  
y i e l d  s e v e r e l y ,  a l t h o u g h  p igeonpea  growth i s  a t  f i r s t  s e v e r e l y  
d e p r e s s e d  by t h e  sorghum, b u t  it always r e c o v e r s ,  compensates  and 
g i v e s  a  s u b s t a n t i a l  a d d i t i o n a l  y i e l d  a t  h a r v e s t .  
i i )  b l i l l e t /Groundnut  
T h i s  i l l u s t r a t e s  t h e  e x t e n t  o f  y i e l d  a d v a n t a g e  i n  c l o s e l y  
m a t u r i n g  c e r e a l / l e g u m e  i n t e r c r o p .  I n  most c a s e s ,  it i s  p r a c t i s e d  
by  t h e  f a r m e r  t o  p r o v i d e  food  and c a s h  r e s p e c t i v e l y  (Baker ,  1978) .  
Punjab (1980) showed t h a t  t h e  g roundnut  d i d  n o t  r e d u c e  t h e  m i l l e t  
y i e l d ,  w h i l e  Reddy and W i l l e y  (1981) r e p o r t e d  a  y i e l d  a d v a n t a g e  o f  
26% due t o  i n c r e a s e d  e f f i c i e n c y  i n  c o n v e r t i n g  l i g h t  e n e r g y  i n t o  
d r y  m a t t e r .  
Rao (1980) r e p o r t e d  t h a t  when c r o p s  a r e  sown a t  30 cm rows,  a t  
a r a t i o  o f  1 m i l l e t :  3  groundnut  u s i n g  t h e  same i n t r a  row s p a c i n g  i n  
t h e  r e s p e c t i v e  s o l e  c r o p s ,  g roundnut  p roduced  1505 kg/ha which i s  77% 
o f  i t s  s o l e  c r o p  y i e l d ,  w h i l e  ~ n l l l e t  produced 1414 kg/ha which i s  
54% o f  t h e  s o l e  c r o p  y i e l d ,  i n  o t h e r  words, t h e  m i l l e t  y i e l d  p e r  
p l a n t  was more t h a n  double .  'This gave a  y i e l d  advantage  o f  31%. 
i i i )  Pigeonpca/Groundnut 
T h i s  i s  an example o f  a  legume/legume i n t e r c r o p .  Kaul -- e t  a 1  
(1975) found t h a t  groundnut  may r e d u c e  t h e  y i e l d  o f  pigeonpea s l i g h t l y  
a s  i t  o c c u p i e s  l a n d  f o r  a  l o n g e r  t i m e ,  b u t  s t i l l  a  monetary advantage  
was a c h i e v e d ,  whereas Gajendra  (1978) found a  y i e l d  i n c r e a s e  o f  46.7% 
when pigeonpea was i n t e r c r o p p e d  w i t h  groundnut  o v e r  s o l e  c r o p .  
Ramdass (1980) r e p o r t e d  s i m i l a r  monetary a d v a n t a g e .  Rao (1981) 
r e p o r t e d  on some ICRISAT t r i a l s ,  t h a t  when b o t h  c r o p s  a r e  grown 
a t  100°0 p o p u l a t i o n ,  y i e l d s  averaged  76% o f  s o l e  groundnut  p l u s  
89% o f  s o l e  p igeonpea ,  t h u s  g i v i n g  a  y i e l d  advantage  o f  65%.  T h i s  
h a s  been one o f  t h e  b e s t  i n t e r c r o p p i n g  sys tems  a c c o r d i n g  t o  Rao (1982). 
i v )  C a s t o r - b a s e d  i n t e r c r o p p i n g  sys tems  
T h i s  i s  a n  example o f  a  deep  r o o t e d ,  d r o u g h t  r e s i s t a n t ,  long  
d u r a t i o n  c r o p  i n  an i n t e r c r o p p i n g  sys tem.  
Evans (1962) r e p o r t e d  t h a t  i n t e r c r o p p i n g  i n  c a s t o r  showed an 
o v e r a l l  i n c r e a s e  i n  p r o d u c t i o n  p e r  a c r e  and n e v e r  an o v e r a l l  l o s s .  
He f u r t h e r  s t r e s s e d  t h a t  s i n c e  c a s t o r  i s  a f f e c t e d  by i n s e c t s  t h a t  reduce  
y i e l d  d r a s t i c a l l y ,  i n t e r c r o p p i n g  will g i v e  a  compensat ing y i e l d  o f  
t h e  o t h e r  c r o p s .  
~ r a b h a k r a  e t  a1 (1965) found t h a t  i n t e r c r o p p i n g  c a s t o r  wi th  
legumes r e s u l t e d  i n  both  y i e l d  and monetary advantages ,  a s  t he  c a s t o r  
b e n e f i t t e d  from the  n i t rogen  f i x e d  by t h e  legume. I n t e r c r o p p i n g  
c a s t o r  wi th  c e r e a l s  d i d  n o t  prove p r o f i t a b l e .  
Rao e t  a1 (1975) found t h a t  i n t e r c r o p p i n g  i n  c a s t o r  i s  
--
economical ove r  s o l e  crop,  a s  long a s  t h e  i n t e r c r o p  matures be fo re  
t h e  primary s p i k e s  o f  c a s t o r  s t a r t  f lower ing.  
Chinnappan and Palaniappan (1980) r e p o r t e d  t h a t  growing of 
i n t e r c r o p s  between rows o f  c a s t o r ,  reduced c a s t o r  y i e l d ,  b u t  t h e  
lo s s  was more than compensated by t h e  y i e l d  o f  t h e  i n t e r c r o p s .  
From t h c i r  experiment,  castor-mungbean gave maximum r e t u r n s .  
2 . 3 . 2  Relay cropping 
Relay cropping i s  t h e  sowing o f  a  second crop i n t o  t h e  l a t e r  
s t a g e s  o f  growth o f  a  f i r s t  c rop .  I t  has  a l s o  been termed as  
ove r l app ing  cropping ( King, 1974) o r  i n t e r p l a n t i n g  (Bain, 1968). 
Although in t roduced  only  r e c e n t l y ,  t h e  system has  become very  impor tant  
i n  China (King, 1975-76) and has  a l s o  e s t a b l i s h e d  some importance i n  
many i r r i g a t e d  a r e a s  o f  Sou theas t  Asia ( King ., 1974). The 
ove r l ap  p e r i o d  i s  most o f t e n  on ly  2 - 3  weeks b u t  can be cons ide rab ly  
longer .  ?he b a s i c  concept i s  t o  e s t a b l i s h  the  second crop du r ing  
the  p e r i o d  when t h e  l e a f  a r e a ,  and thus  t h e  degree o f  shad ing  i s  
d e c r e a s i n g  i n  t h e  f i r s t  c rop .  I n  s e m i - a r i d  r c g i o n s ,  t h e  main 
f a c t o r  i s  p robab ly  t h e  r c d u c t i o n  o f  mois tu re  l o s s .  The most 
impor tan t  a s p e c t  o f  t h i s  i s  t h a t  it may a l low double  c ropp ing  
i n  a r c a s  where a  n a t u r a l  sequence o f  two crops  would b e  t o o  
marg ina l .  In I n d i a ,  i t  has  been sugges ted  a s  a  p o s s i b i l i t y  i n  
a r e a s  r e c e i v i n g  750-900 mrn annual r a i n f a l l  w i t h  r easonab le  
s o i l  w a t e r  s t o r a g e  ( S p r a t t  e t  a l ,  1978) .  I t  must be  added t h a t  
--
t h e  sys tem i s  not  w i t h o u t  problems,  s i n c e  i t  t e n d s  t o  combine 
t h e  d i f f i c u l t i e s  o f  b o t h  i n t e n s i v e  s e q u e n t i a l  c ropp ing  and 
i n t e r c r o p p i n g .  
T r i p l e t t  (1976) h a s  summarized t h e  advantages  and 
d i sadvan tages  o f  r e l a y  cropping a s  : 
Ad\rnnt ages : 
i) During t h e  f i r s t  4-6 weeks o f  crop growth,  young crops  a r e  
n o t  p r o d u c t i v e  and have l e s s  canopy, d u r i n g  t h i s  p e r i o d  
a n o t h e r  crop can u s e  i t s  canopy t o  ma tu re .  
i i )  Saves  t ime i n  t h e  s e n s e  t h a t  t h e  second crop i s  g iven  a  
l o n g e r  growing p e r i o d  a s  compared t o  a s e q u e n t i a l  c rop .  
i i i ) L n b o u r  used i n  l and  p r e p a r a t i o n  f o r  a  second  crop i s  saved .  
Disadvantages  
i )  Weed compe t i t ion  a f t e r  t h e  h a r v e s t  o f  t h e  f i r s t  c rop ,  a s  
no land p r e p a r a t i o n  w i l l  b e  c a r r i e d  o u t .  
ii) Due t o  t h e  d i f f i c u l t i e s  i nvo lved  i n  p l a n t i n g  t h e  second 
crop wi th in  t h e  f i r s t  c rop,  t h e  r e s u l t i n g  s t a n d  i s  
u s u a l l y  poor .  
iii) Some damage t o  t h e  f i r s t  crop whi le  sowing t h e  second and some 
damage t o  t h e  second crop whi le  h a r v e s t i n g  t h e  f i r s t .  
Even though r e l a y  cropping i s  normal ly  n o t  p r a c t i c e d  i n  
r a i n f e d  semi -a r id  t r o p i c s ,  t h e  development o f  h igh  y i e l d i n g  s h o r t  
d u r a t i o n  v a r i e t i e s  has  opened new avenues f o r  r e l a y  cropping,  
p a r t i c u l a r l y  i n  b l ack  s o i l s  (ICRISAT, 1980) . 
2 . 3 . 3  S e q u e n t i a l  c ropping 
The annual  y i e l d  p e r  u n i t  a r e a  can be  i n c r e a s e d  by 
i n c r e a s i n g  t h e  cropping i n t e n s i t y .  Each crop v a r i e t y  i n c l u d e d  need 
not g ive  t h e  maximum y i e l d  o r  r e t u r n s  du r ing  i t s  growth ~ e r i o d ,  bu t  
must be a  s u i t a b l e  component i n  a crop sequence t o  g ive  maximum 
produc t ion  of n e t  r e t u r n s  p e r  u n i t  a r e a  cropped o u t  o f  t h e  r e sources  
used o v e r  t h e  a p p r o p r i a t e  t ime span (La1 and Roy, 1976) . 
Although i t  i s  a  p r a c t i c e  o f  a  h igh  r a i n f a l l  a r e a  (>,750 mm) 
and i s  commonly p r a c t i s e d  u n d e r  v e r t i s o l s  o f  t h e  s e m i - a r i d  t r o p i c s  
(ICRISAT, 1980) ,  it may b e  p o s s i b l e  i n  lower  r a i n f a l l  a r e a s ,  w i th  
p r o p e r  choice  o f  crops  (Sura j ,  1978) and o f  t h e  r a i n y  season  crop 
i s  sown e a r l y ,  and b e t t e r  sowing methods used f o r  t h e  second crop 
( S p r a t t ,  1978).  
I t  can b e  achieved by complcte l and  p r e p a r a t i o n  b c f o r e  
p l a n t i n g  o f  a  second crop o r  by p l a n t i n g  t h e  second crop i n  t h e  
crop s t u b b l e s  a f t e r  an i n t e r - r o w  c u l t i v a t i o n  t o  k i l l  weeds. 
Krantz (1979) recommended t h a t  t h e  monsoon crop s h o u l d  b e  
removed a s  e a r l y  a s  P o s s i b l e  and c u l t i v a t e  and p l m t  between 
s t a n d i n g  s t u b b l e s .  This  i s  t ime s a v i n g  and i t  i n c r e a s e s  t h e  l eng th  
o f  t h e  growing season  f o r  t h e  second crop and conserves  s o i l  mois ture  
f o r  germinat ion  o f  t h e  post-monsoon c rop .  
' f i e  t ime l a g  between h a r v e s t i n g  ,and p l a n t i n g  o f  t h e  second crop 
i s  sometimes a s  much a s  7 days  acco rd ing  t o  t h e  expe r i ence  a t  ICRISAT 
(Krantz ,  1979) ,  ,and t h i s  i s  c r u c i a l  a s  f a r  a s  moi s tu re  conse rva t ion  
i s  concerned.  lience i t  i s  on ly  advantageous o v e r  r e l a y  cropping 
unde r  fo l lowing  c o n d i t i o n s  acco rd ing  t o  Krantz (1979) . 
i )  i n  a r c a s  wi th  h igh  weed p o p u l a t i o n  
i i )  where t h e  post-monsoon crop s e e d l i n g s  a r e  s t u n t e d  
by shad ing  
i i i )  where t h e  post-monsoon c rops  r e q u i r e  more adequate  
s e e d  bcd p r e p a r a t i o n .  
2 .3 .4 Rat oon cropping 
Ratoon c ropp ing  can b e  d e f i n e d  a s ,  t h e  growing o f  a  second 
crop from t h e  s t u b b l e  o f  a f i r s t  c r o p ,  a f t e r  h a r v e s t i n g  most o r  a l l  
o f  t h e  a e r i a l  p a r t s  o f  t h e  l a t t e r  (P luckne t t  -- e t  a l ,  1970 ) .  
The o b j e c t i v e  o f  ra toon  cropping i s  i n  many cases  i n  making maximum 
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u s c  of  t h e  growing season  by f i t t i n g  an c x t r a  c r o p .  Although,  
ra toon  cropping i s  an impor tan t  and w e l l  e s t a b l i s h e d  c ropping  system 
i n  a  number o f  p e r e n n i a l  c r o p s ,  e . g .  sugarcane  ( P l u c k n e t t ,  1970) ,  i t  
i s  l e s s  common i n  annual  c r o p s .  In c a s e  o f  sorghum, f o r  exrmple i t  
i s  r e s o r t e d  t o  when t h e r e  i s  n o t  enough r a i n  and t h e  f i r s t  crop 
i s  c u t  f o r  f o d d e r  and t h e n  al lowed t o  ra toon  f o r  g r a i n  (Reddy, 1968).  
I t  i s  p o s s i b l e  t o  have s e v e r a l h a r v e s t s  from a s i n g l e  p l a n t i n g  
(Esca lada  e t  a l ,  1975) .  The r a t o o n  crop i s  a f f e c t e d  by t h e  h e i g h t ,  
--
t ime  o f  c u t t i n g  (Esca lada  e t  a l ,  1974) ,and amount o f  n i t r o g e n  
a p p l i e d  (Esca lada  e t  a l ,  1977) . According t o  Esca lada  e t  a1 (1977) , 
--
t h e  b e s t  h e i g h t  f o r  c u t t i n g  i s  8 cm above t h e  ground which l e a v e s  
enough noda l  buds and s u f  f i  c i c n t  ca rbohydra te  r e s e r v e s  f o r  
e s t a b l i s h m e n t  . 
Based on h i s  s t u d y  (Esca lada  -- e t  a l , 1977) found t h a t  r a t o o n  sorghum 
responded ~IT& r a t e s  of N,upto 250 kg  N/ha. 'The advantages  o f  r a t o o n  
cropping which a r e  o f t e n  mentioned a r e  : 
- no pre-sowing t i l l a g e  i s  n e c e s s a r y  
- e a r l y  growth i s  f a s t e r  t h a n  from a sown crop 
- f lowers  and matures  e a r l i e r  t h a n  t h e  p l a n t  crop 
(Vijayakumar, e t  a l ,  1977) 
- some crops l i k e  sorghum a r e  v e r y  r e s i s t a n t  t o  d rought  i n  
t h e i r  s t u b b l e  s t a g e  and s t i l l  have good regrowth when w a t e r  
becomes a v a i l a b l e  ( P l u c k n e t t  -- e t  a l , 1970) . 
- t h e  r a t o o n  c rop  cnn p r o f i t  from e x i s t i n g  r o o t  s y s t e m .  
Tiowever, some e v i d e n c e  e x i s t s  t h a t  t h e  o l d  r o o t  s y s t e m  
c e a s e  t o  f u n c t i o n  a f t e r  t h e  h a r v e s t  a t  l e a s t  i n  s u g a r c a n e  
and p e r h a p s  i n  sorghum P l u c k n e t t  e t  a 1  0975)  
found a d i r e c t  r e l a t i o n  between r n t o o n  per formance  o f  
sorghum and t h e  e x t e n t  and v i t a l i t y  o f  new r o o t  developrncnt .  
The m a j o r  problem o f  r a t o o n i n g  sorghum i s  t h e  a t t a c k  by 
S h o o t f l y  ( A t h e r i g o n a  i n d i c a )  and u n l e s s  p r o p e r  c o n t r o l  i s  t a k e n ,  
t h e  c r o p  may b e  c o m p l e t e l y  d e s t r o y e d  (Trouchten  and M a r t i n ,  1 9 8 1 ) .  
Conc lud ing  from s e v e r a l  e x p e r i m e n t s  a t  ICRISAT, Kran tz  (1979) 
remarked t h a t  where r a t o o n  c r o p  o f  sorghum i s  p l a n n e d ,  t h e  h e a d s  
s h o u l d  b e  h a r v e s t e d  and s t o v e r  c u t  soon a f t e r  p h y s i o l o g i c a l  m a t u r i t y  
i s  r e a c h e d .  
2 . 4  F e r t i l i z e r  i n t e r a c t i o n  w i t h  c r o p p i n g  s y s  tems 
Improved c r o p p i n g  s y s t e m s  respond  w e l l  t o  f e r t i l i z e r  a p p l i c a t i o n  
(Reddy, 1982) . But even t h o u g h  f e r t i l i z e r  a p p l i c a t i o n  e f f i c i e n c y  h a s  
been  shown t o  b e  more e f f i c i e n t  u n d e r  i n t e r c r o p p i n g  s y s t e m s  (Sharma, 
e t  a l ,  1 9 7 9 ) ,  as compared t o  s o l e  c r o p s ,  t h e  f e r t i l i z e r  a p p l i c a t i o n  
--
o f  any n u t r i e n t  r e q u i r e s  t h e  f a r m e r  t o  gamble t h a t  t h e  y i e l d  i n c r e a s e  
can b e  m a r k e t e d  a t  a p r i c e  t h a t  w i l l  pay  f e r t i l i z e r  c o s t  p l u s  p r o f i t  
(Rao and W i l l e y ,  1 9 7 9 ) .  Ifowever, y i e l d  i n c r e a s e s  from f e r t i l i z e r  
a p p l i c a t i o n  a r e  n o t  always a s s u r e d ,  and t h e  f a n n e r  h a s  no p o s i t i v e  
mccms o f  i d e n t i f y i n g  those  f i e l d s  t h a t  would produce i n c r e a s e d  y i e l d s  
and optimum a p p l i c a t i o n  r a t e s  t o  ach ieve  t h e s e  y i e l d s  (Krxntz ,  1976) .  
Reddy e t  a1 (1982) recognized  t h r e e  d i f f e r e n t  s i t u a t i o n  t h a t  
a r i s e  due t o  i n t r o d u c t i o n  o f  an improved c ropping  system on n u t r i e n t  
r e q u i r e m e n t s .  
2 . 4  ,1 N u t r i e n t  r c q u i  rement i n c r e a s e d  
'l 'his would o c c u r  where a l l  t h e  component c r o p s  o f  t h e  c ropping  
system r e q u i r e  t h e  n u t r i e n t .  For  example, i n  a  ce rea l / l egume 
i n t c r c r o p ,  t h e  phosphorous requ i rement  may go up a s  i t  i s  r e q u i r e d  
by b o t h  c r o p s .  
2 .4.2 N u t r i e n t  requirement  d e c r e a s e d  
The i n c l u s i o n  o f  a  legume i n  a  c ropping  sys tem reduces  t h e  
n i t r o g e n  requi rement  ( a s  f e r t i l i z e r )  due t o  t h e i r  a b i l i t y  t o  f i x  
n i t r o g e n .  
2 .  4.3 N u t r i e n t  requ i rement  s u b s t a n t i a l l y  u n a l t e r e d  
A c ropping  sys tem may n o t  r e q u i r e  a d d i t i o n a l  f e r t i l i z e r  i f  only 
one component c rop  r e q u i r e s  f e r t i l i z a t i o n  and t h e r e  i s  l i t t l e  compet i t ion  
between t h e  component c r o p s  f o r  t h i s  n u t r i e n t .  For  example,  n i t r o g e n  
f e r t i l i z a t i o n  o f  sorghum/pigeonpea i n t e r c r o p ,  where n i t r o g e n  i s  
o n l y  a p p l i e d  t o  sorghum and n o t  p igeonpea ,  t h e  response  curves  o f  bo th  
sole sorghum and i n t e r c r o p  i s  s i m i l a r .  
2 . 5  Role o f  l e p ~ m e s  i n  cropping s y s t c i ~ ~ s  
Legumes 11avc been p l a y i n g  an i m p o r t m ~ t  r o l e  i n  t r a d i t i o n a l  
a g r i c u l t u r e .  T h e i r  a b i l i t y  t o  f i x  and e x c r e t e  n i t r o g e n  was shown 
by 4p13001a and Fayemi (1972),  and t h e i r  b e n e f i c i a l  e f f e c t  i n  
i n c r e a s i n g  t h e  s o i l  n i t r o g e n  s t a t u s  by Tiwar i  e t  a1  (1980) .  As a 
-- 
r e s u l t ,  t h e  c e r e a l  c rops  fo l lowing  them have produced h i g h e r  y i e l d s  
t h a n  t h o s e  grown a f t e r  a n o t h e r  c e r e a l  (Tiwar i  e t  a l ,  1980) .  Even 
i n  i n t e r c r o p p i n g  s i t u a t i o n s ,  t h e r e  i s  enoufih ev idence  t o  show t h a t  
t h e  non-leguminous component crop may y i e l d  more than t h e  s o l e  
crop ( S a r a f ,  1975; Singh,  1977; Sharma e t  a l ,  1879; S e a r l e  e t  a l ,  
1981) .  
S e a r l e  e t  a 1  (1981) r e p o r t e d  t h a t  t h e  i n c o r p o r a t i o n  o f  a 
--
leg~une i n  a  maize crop s a v e s  as  much a s  100 kg N/ha. Krantz e t  a1 
(1976) found a y i e l d  i n c r e a s e  o f  up t o  100% i n  a  ce rea l -p igeonpea  
i n t e r c r o p .  The y i e l d  o f  t h e  legume i s  n o t  reduced by t h e  non-legume 
i n t e r c r o p  component ( S a r a f  e t  a l ,  1 9 7 5 ) .  The re fo re ,  i t  seems t h a t  
s u b s t a n t i a l  amounts o f  n i t r o g e n  can b e  t r a n s f e r r e d  t o  t h e  n o n - l e a m e ,  
e s p e c i a l l y  i f  t h e  legume i s  e a r l y  ma tu r ing  (Ahmed and Gunasene, 1979; 
Rao and W i  l l e y ,  1980) . 
Two mechanisms a r e  p o s t u l a t e d  f o r  t h e  b e n e f i c i a l  e f f e c t s  o f  
a legume on o t h e r  c rops  i n  a  c ropp ing  sys tem:  
i )  Cur ren t  t r a n s f e r  : i n  which t r a n s f e r  o f  n i t r o g e n  
from t h e  legume t o  t h e  non-legume o c c u r s  d u r i n g  
t h e  l i f e  o f  bo th  c rops  ( P r a t a p  e t  a l ,  1977) .  
i ~ )  R e s i d u a l  e f f e c t s  i n  which n i t r o g e n  f i x e d  by  t h e  
legume i s  a v a i l a b l e  t o  an a s s o c i a t e d  s e q u e n t i a l  
non-legume a f t e r  s e n e s c e n c e  o f  t h e  legume rind 
decompos i t ion  o f  i t s  o r g a n i c  r e s i d u e s  ( G a j e n d r a  
c t  - 31, -- 1979) .  
2 . 6  A n o t e  on broadbed  and fur row sys tems  
S i n c e  w a t e r  i s  t h e  most l i m i t i n g  n a t u r a l  f a c t o r  i n  c r o p  
p r o d u c t i o n  i n  t h e  s e m i - a r i d  t r o p i c s  , improving  t h e  management and 
c o n s e r v a t i o n  o f  w a t e r  and s o i l  f o r  i n c r e a s e d  c rop  p r o d u c t i o n  becomes 
o f  p r i m a r y  i m p o r t a n c e  ( K r a n t z ,  1 9 7 8 ) .  Systems i n v o l v i n g  graded  beds  
(150 cm) s e p a r a t e d  by fur rows  which d r a i n  i n t o  g r a s s e d  watersways 
a p p e a r  t o  f u l f i l  t h i s  i m p o r t a n t  f u n c t i o n  a c c o r d i n g  t o  Choudhary 
and B h a t t a  (1971) ,  and Kran tz  (1979) .  The beds  f u n c t i o n  a s  ' m i n i  
b u n d s l  and when r u n o f f  o c c u r s ,  i t s  v e l o c i t y  i s  r e d u c e d  and i n f i l t r a t i o n  
o p p o r t u n i t y  t ime  i s  i n c r e a s e d .  
The broadbed  i s  more f l e x i b l e  t h a n  t h e  normal  r i d g e  and fur row 
s y s t e m  f o r  p l a n t i n g  d i f f e r e n t  c r o p s  a c c o r d i n g  t o  t h e i r  optimum s p a c i n g  
and p o p u l a t i o n s  ( K r a n t z ,  1974)  . 
Rao (1982) r e p o r t e d  t h a t  on A l f i s o l s  t h e  b roadbed  g e n e r a l l y  
i n c r e a s e  r u n o f f  and s o i l  l o s s  and does n o t  improve y i e l d s .  He s t r e s s e d  
t h e  n e e d  f o r  f u r t h e r  r e s e a r c h  on t h i s  a s p e c t  b e f o r e  f i r m  
c o n c l u s i o n s  c a n  b e  drawn. 
2 .  7 Opera t iona l  s c a l e  e v a l u a t i o n  
Recent r e s e a r c h  h a s  shown s u b s t a n t i  a1 b e n e f i t s  from 
i n t e r c r o p p i n g  a t  medium t o  h i g h  l c v e l s  o f  t echno logy ,  b u t  due t o  
s e v e r a l  f a c t o r s  i n c l u d i n g  l ack  o f  o p e r a t i o n a l  s c a l e  r e s e a r c h ,  t h e  
p o t e n t i a l  b e n e f i t s  o f  improved c ropp ing  sys tems have no t  y e t  been 
conf inned (Krantz , 1979) . 
S a r i n  e t  a1 (1980) showed a  wide gap between exper imenta l  
y i e l d s  and farmer  y i e i d s ,  and one o f  t h e  r easons  g iven  was t h a t  
r e s e a r c h  a t  expe r imen ta l  s t a t i o n s  i s  always c a r r i e d  out  i n  sma l l  
p l o t s  under  c a r e f u l l y  c o n t r o l l e d  o p e r a t i o n s  and t h e  more complex 
i n t e r a c t i o n s  a r e  n o t  man i fes t ed .  
A good example shown by Krantz (1979) i s  t h a t  expe r imen ta l  
r e s u l t s  have shown t h a t  a l t e r n a t e  row arrangement o f  i n t e r c r o p s  
such as  a c e r e a l  and pigeonpea g i v e  g r e a t  y i e l d  advantage .  However, 
t h i s  sys tem may p r e s e n t  many problems on an o p e r a t i o n a l  s c a l e  
such a s  : 
i )  i n e f f i c i e n c y  o f  a p p l y i n g  needed n i t r o g e n  o r  p l m t  
p m t e c t i o n  t o  one row o f  c e r e a l  and no t  t o  p igeonpea.  
i i )  t h e  problem o f  hand h a r v e s t i n g  t h e  c e r e a l  a t  p h y s i o l o g i c a l  
m a t u r i t y  wi thou t  damaging t h e  p igeonpea ,  which has  sp read  
o u t  and i s  a t  t h e  f lower ing  s t a g e .  
i i i )  t h e  problem o f  h a n d l i n g  sorghum regrowth which competes 
w i t h  p igeonpea f o r  r e s i d u a l  m o i s t u r e  i n  t h e  s o i l  a t  
t h e  c r i t i c a l  r e p r o d u c t i v e  s t a g e .  
2 .8 C r i t e r i a  f o r  e v a l u a t i o n  
In  m y  cropping system, d i f f e r e n t  t y p e s  o f  c rops  a r e  u s e d .  
Hence when comparing one system a g a i n s t  a n o t h e r ,  y i e l d  p e r  s e  cannot 
be  used ( P r i c e ,  1978) . S e v e r a l  methods have becn used p a r t i c u l a r l y  
f o r  comparing i n t e r c r o p  sys t ems .  
2 .  8.1 One o f  t h e  e a r l i e s t  methods was t o  conve r t  t h e  y i e l d  o f  t h e  
component crops  t o  a  s t a n d a r d  f a n ,  e i t h e r  conve r t  t h e  y i e l d  o f  one 
crop t o  e q u i v a l e n t s  o f  t h e  o t h e r  ( N i c o l ,  1q35 ) , o r  conver t  
t h e  y i e l d s  t o  s t a r c h ,  f a t  o r  p r o t e i n  e q u i v a l e n t s  ( Bee t s ,  1977) . 
2 .  8 .2  I l ' i l ley  ( 1977) i n t r o d u c e d  t h e  use  o f  Land Equ iva len t  Rat io  
(LER). This  d e f i n e d  as  t h e  r e l a t i v e  land a r e a  r e q u i r e d  a s  s o l e  crops  
t o  produce t h e  sane  y i e l d s  as  i n t e r c r o p p i n g .  I t  i s  i n  f a c t  analgous  
t o  t h e  R e l a t i v e  Yie ld  T o t a l  which has  been used  f o r  mrmy y e a r s  i n  
compe t i t i on  s t u d i e s  (de W i t  and van den Bergh,  1961) .  I n  s imple  
n o t a t i o n ,  i t  can be  w r i t t e n  as:  
L E R  = L A  + LB = 2 + 3 
s A SB 
where LA and LB a r e  t h e  IER's f o r  t h e  i n d i v i d u a l  c r o p s ,  YA and YB 
a r e  t h e  i n d i v i d u a l  c rop y i e l d s  i n  i n t e r c r o p p i n g  and SA and SB 
a r e  t h e i r  y i e l d s  as s o l e  c rops  (Mead and Wiley, 1979 ) . 
The main advantages  o f  LER acco rd ing  t o  Mead and IViley (1979) a r e :  
- it p u t s  c rops  on a  s t a n d a r d i s e d  b a s i s  s o  t h a t  t h e y  can be  
added t o  form 'combined' y i e l d s .  T h i s  makes comparison 
between d i f f e r e n t  s i t u a t i o n s  and d i f f e r e n t  c rop combinations 
easy .  
- comparison between i n d i v i d u a l  1,ERs c,m i n d i c a t e  c o m p e t i t i v e  
e f f e c t s  (Wi l ley ,  1979) .  
- t o t a l  LER can be t a k e n  a s  a  measure o f  t h e  r e l a t i v e  y i e l d  advantage  
The main s e t b a c k  o f  LER i s  t h a t  b e c a u s e  it i s  d e f i n e d  a s  a  
r a t i o ,  l a r g e  v a l u e s  o f  LER can  be  o b t a i n e d  n o t  o n l y  because  o f  l a r g e  
y i e l d s  o r  i n t e r c r o p p i n g  b u t  a l s o  b e c a u s e  o f  s m a l l  y i e l d s  i n  c o r r e s -  
ponding s o l e  c r o p s  (Mead and W i l l e y ,  1979).  
Another  problem o f  L E R  i s  t h a t  it v a r i e s  depending on which 
v a l u e  o f  s o l e  c rop  y i e l d  i s  used  - t h e  b e s t  s o l e  c r o p  y i e l d ,  t h e  
average  s o l e  c r o p  y i e l d ,  e t c .  (Oyejo la  and Mead, 1 9 8 2 ) .  
2 . 8 . 3  Monetary advantage  
T h i s  was i n t r o d u c e d  by W i l l e y  and Rao (1978) and w r i t t e n  a s  
LER- 1 
Monetary Advantage = Gross Re turns  LER . 
The above o u t l i n e d  methods a r e  o n l y  u s e f u l  f o r  i n t e r c r o p p i n g  
s i t u a t i o n s .  When o t h e r  c r o p p i n g  sys tems  a r e  i n v o l v e d ,  t h e  n e t  monetary 
b e n e f i t  i s  t h e  b e s t  c r i t e r i a  ( P e r i n  e t  a l ,  1979) .  T h i s  i s  o b t a i n e d  by 
s u b s t r a c t i n g  t h e  v a r i a b l e  c o s t  from t h e  g r o s s  r e t u r n s .  Net b e n e f i t  
comparisons have been used  s u c c e s s f u l l y  ( P e r i n  e t  a l ,  1979;  Reddy 
e t  a l ,  1982). 
M A T E R I A L S  A N D  M E T H O D S  
blATERI ALS AND METHODS 
1. LOCATION 
'The experiment  was c a r r i e d  o u t  a t  t h e  ICIlISA'r Research C e n t e r  
i n  a  wate rshed  (KK3C)  d u r i n g  t h e  r a i n y  ( k h a r i f )  and p o s t r a i n y  ( r a b i )  
s e a s o n s  o f  June  1982 t o  January  1953. The farm i s  s i t u a t e d  25 km 
n o r t h w e s t  o f  Ilyderabad town a t  a  g e o g r a p h i c a l  b e a r i n g  o f  1 8 ' ~  and 
a 
17 E and a n a l t i t u d e  o f  500 meters  above t h e  s e a  l e v e l .  
2 .  CLIMATE 
The r a i n f a l l  season  e x t e n d s  from June  t o  September and t h e  
p o s t r a i n y  season  e x t e n d s  u p t o  J a n u a r y .  The average  maximum and 
minimum t e m p e r a t u r e s  were ~ O O C  and 2 5 ' ~  r e s p e c t i v e l y .  During t h e  
c r o p  growing season o f  t h i s  exper iment ,  a  t o t a l  o f  527 mm r a i n f a l l  
was r e c e i v e d .  
The m e t e o r o l o g i c a l  d a t a  i s  shown i n  F i g  1 and Appendix 1. 
3 .  SOILS 
The e x p e r i m e n t a l  a r e a  was a  medium deep r e d  s o i l  f a l l i n g  
under  t h e  c l a s s i f i c a t i o n  o f  A l f i s o l s  i n  t h e  7 t h  approximat ion  o f  USDA 
s o i l  nomenclature.  The p h y s i c a l  and chemica l  p r o p e r t i e s  o f  t h e  s o i l s  
a r e  shown i n  Table  l a  and l b .  
Table  l a .  P h y s i c a l  p r o p e r t i e s  o f  t h e  s o i l  i n  t h e  e x p e r i m e n t a l  f i e l d  
Depth Grave l  Elechanical compos i t ion  ( 9 ; )  , 
(cm) Coarse sand F ine  sand S i l t  Clay 
F i g .  1 .  M e t e o r o l o g i c a l  d a t a  c o l l e c t e d  a t  ICRISAT C e n t e r  
m e t e o r o l o g i c a l  s t a t i o n  from . Ju ly  1983 t o  J ~ n L I a r y  1983 
i . . a )  R a i n f a l l  and e v a p o r a t i o n  i n  mm E 70 
Time i n  s t a n d a r d  week 
40 
30 
0 I 
2 5  27 29 31 - - 3 3  35 37 39 41  43 45 47 49 51 1  3 
s t a n d a r d  weeks 
. b )  Maximum and minimum t e m p e r a t u r e  i n  OC 
.- -. Maximum 
U 
p 20 
01 t- 
30 ' 
25 2 7  29  31 33 35 37 39 41 43 45 4 7  49 51 
s t a n d a r d  weeks 
-- 
Minimum 
Table l b .  Chemical p r o p e r t i e s  o f  t h e  s o i l  i n  t h e  exper imenta l  f i e l d  
Depth EC Organic A v a i l a b l e  N Ava i lab le  P 
(cm) pH m mho/cm carbon ( ' 0 )  Coo) ("6) ppm 
The a v a i l a b l e  N was determined by A l k a l i n e  Permnngnnate method, whi le  
a ~ r a i l a b l e  P was e s t i m a t e d  by O l s e n ' s  Method. 
PREVIOUS CROPPING HISTORY 
The c r o p s  and f e r t i l i z e r  used  i n  t h i s  f i e l d  d u r i n g  t h e  p a s t  
f o u r  seasons  a r e  shown i n  Table  2 below: 
Table 2 .  P rev ious  c r o p ~ i n g  h i s t o r y  o f  t h e  exper imenta l  f i e l d  
Year Cropping system Types o f  f c r t i -  Rate  of  f e r t i l i z e r  l i r e r  used  used o r  a p p l i e d  (kg/ha)  
1978 Sorghum/pigeonpea DAP (18-46-0) 
Sorghum Urea (56% N )  
1979 Sorghum/pigeonpea Gromor (28-28-0) 
Sorghum Urea 
1980 Sorghum Gromor 
Urea 
Ratoon sorghum t 
1981 P e a r l  m i l l e t / p i g e o n p e a  Gromor 
P e a r l  m i l l e t  Urea 
3 .5  EXPERIMENTAL DETAILS 
3 . 5 . 1  DESIGN 
~ p l i ' t  p l o t  des ign  with two f e r t i l i t y  l e v e l s  a s  t h e  main p l o t s  
and 15 Cropping Systems a s  t h e  s u b p l o t s  were r e p l i c a t e d  t h r i c e .  The g r o s s  
L p l o t  s i z e  was 210 m compris ing o f  f o u r  broadbeds of  1 . 5  m wid th ,  i , e  
from c e n t r e  o f  furrow t o  t h e  c e n t r e  o f  t h e  n e x t ,  bu t  t h e  e f f e c t i v e  p l a n t i n g  
~ i d t h  was 90 cm. The p l o t  l e n g t h  was 35 met res .  The n e t  h a r v e s t e d  p l o t  
s i z e  was 90 m2  : two broadbeds of  30 m l e n g t h .  The t o t a l  exper imenta l  
a r e a  was about 2 ha .  The f i e l d  l a y o - ~ t  and t h e  i n d i v i d u a l  p l o t  p a t t e r n  
a r e  shown i n  F ig  2 and 3 r e ; p e c t i v e l y .  
TREATMENTS 
Main p l o t  t r e a t m e n t s  : F e r t i l i t y  l e v e l s  - 2 
N - P - K  Notat ion used 
-  
1.  High f e r t i l i t y  80-22-0 1IF 
2 .  I.ow f e r t i l i t y  20-  12-0 1.F 
Subplo t  t r e a t m e n t s :  Cropping Systems - 15 
Sorghum/pigeonpea i n t e r c r o p  
P e a r l  mi l le t /P igeonpea  i n t e r c r o p  
P e a r l  mil le t /Groundnut  i n t e r c r o p  
Figeonpea/groundnut i n t e r c r o p  
P e a r l  m i l l e t / c a s t o r  i n t e r c r o p  
Mungbean/castar i n t e rc rop  
Sorghum/cowpea i n t e r c r o p  
Mungbean + r e l a y  c a s t o r  
M i l l e t  + T e q u e n t i a l  horsegram 
M i l l e t  + s e q u e n t i a l  cowpea 
Sorghum + ra toon  sorghum 
S o l e  pigeonpea 
S o l e  groundnut 
S o l e  cowpea 
S o l e  c a s t o r  
F i g .  2 : Individual p l o t  p a t t e r n  
J e t  p l o t  
CROPS AND CROP VAqIETIES 
Crops t h a t  a r e  d r o u g h t - t o l e r a n t  and a r e  normally grown i n  
t h e  r ed  s o i l s  o f  t h e  r a i n f e d  semi -a r id  t r o p i c s  were chosen f o r  t h i s  
experiment.  Four of ICRISAT mandate c rops  were s e l e c t e d .  'I'hcse ar;! . 
sorghum, p e a r l  m i l l e t ,  groundnut and pigeonpea.  The o t h e r  crops  used 
were cowpea, greengram, c a s t o r  and horsegram. Improved hybr ids  o r  
v a r i e t i e s  t h a t  have been recommended f o r  c u l t i v a t i o n  were used.  I.ocal 
I ' ' .  
v a r i e t y  o f  horsegram was used a s  no improved v a r i c t i e s  were a v a i l a b l e .  
The hybr ids  o r  v a r i e t i e s  used a r e  shown i n  Table  3 
Table 3. 
Crop 
Approx. days t o  
L'ariety lna tur i t  y 
Sorghum (Sorghum b i c o l o r )  
P e a r l  m i l l e t  (Pennisetum americanum)BK 560 
Pigeonpea (Ca j anus c a j  an) ICP 1 
Groundnut (Arachis hypogaea) Robut 33-1 110 
Cowpea (Vigna ungu icu la t a )  C 152 
*EC 6216 
blungbean (Vigna r a d i a t a )  S 8 
C a s t o r  (R ic inus  communis) Aruna 
Horsegram (Dolichos u n i f l o r u s )  Local 7 0 
*Cowpea v a r i e t y  used i n  t h e  s e q u e n t i a l  c ropping 
3.  SPACING AND POPULATION 
Optimum s o l e  c r o p  p o p u l a t i o n s  were ma in ta ined  bo th  i n  
s o l e  and i n t e r c r o p s .  I n  t h e  i n t e r c r o p ,  i t  was a c h i e v e d  by a d j u s t i n g  
t h e  i n t r a r o w  s p a c i n g .  The o n l y  e x c e p t i o n s  were i n  m i l l e t / g r o u n d n u t  
i n t e r c r o p  where a  25:75 r ep lacemen t  s e r i e s  was u s e d ;  i n  cowpea and 
mungbean i n t e r c r o p s  where 50% o f  t h e  s o l e  c r o p  p o p u l a t i o n  was ma in ta ined  
i n  t h e  i n t e r c r o p s .  The s p a c i n g s  used a r e  shown i n  T a b l e ,  and t h e  row 
arrangement  on t h e  broadbed is  shoiin i n  Fig  4 .  
I \ 
T a b l e  4 .  Spac ing  and n t e n d e d  p o p u l a t i o n s  ma in ta ined  f o r  t h e  d i f f e r e n t  
s o l e  and i n t e r c r o p  t r e a t m e n t s  
I n t e r - r o w  I n t r a - r o w  s ~ a c i n e  icml P o a u l n t i o n  i n  
Crop s p a c i n g  SOLE I N ~ E K C R O P '  ' ob0 p l n n t s l h a  
(cm) S o l e  l n t e r c r o p  
Sorghum 45 
P e a r l  m i l l e t  45 
Pigeonpea 75 
C a s t o r  45 
Groundnut 3 0 
Coxpea 30 
Mungbean 30 
Horsegram 3 0 
F i g  4 Row arrangement  and s p a c i n g  on t h e  broadbed 
( d o t t e d  l i n e s  r e p r e s e n t  r a b i  c rops)  
s PP 
1. Sorgt iumlpigeonpea i n t e r c r o p  (SIPP) 
J 45 an 4 5  un \ 
M  PP M  
2 .  K i l l e t l p i g e o n p e a  i n t c r c r o p  (HfPP) J 4 5  on 4 5  cm \ 
G G G 
3. M i l l c t / g r o u n d n u t  i n t c r c r o p  ( H / G )  
30 on 35 mi 50- 
C C I'P C C 
4. P igeonpea lg roundnu t  i n t c r c r o p  (PP/G) ) 22.5 un 22.5 cm 22.5 cm 22.5 un \ 
C M M C 
6.  H ~ n g b e a n l c a s t o r  i n t e r c r o p  (KSIC) 
30 on 30 on 30 on 
s CP CP S 
7 .  :orahuin/cowpea I n t e r c r o p  ( S I C ? )  31) on 35 cni 30 cm 
Mb RC ?,b RC Hb PC Hb 
M CP C p  H C,P K CP 
I 3 0 c m  1 1 5 m  1 1 5 m l  3 0 c m  ! (  
ID. H i l l e t  t s e q u e n t i a l  c o r j e a  (MtCP) 
45 on 45 un \ 
S  5 5 
I 
11. Sorghum t r a t o o n  sorghum (S+RS)  
45 on 45 on \ 
PP P9 
I I 
12. Sole pigeonpea 
J 7 5  cni L 
t G G 13. S o l e  g roundnu t  1 30 an 30 on 30 un \ 
CP CP FP CP 
@. Ndngbcan t r c l a y  c a s t o r  (Y,u tRC) 
14. So le  cowpea 
15. So le  c a s t o r  
1 25 cm l i c m j i 5  cc 2 5  cm 
30 an 30 cni 30 c n  
r, Hg H? H l l9 H5, M  
I 3 3 c m  1 1 5 u n  i 5 0 n l  3 3 c m  I 
9. M i l l e t  + sequential horscgral l5 ( M t l l g )  I I 4 5  cm 45 cm 1 
3 . 5 . 6  FERTILIZER 
A b a s a l  d o s e  o f  SO kg /ha  diammonium p h o s p h a t e  ( 1 8 - 2 0 - 0 )  
was a p p l i e d  a t  t h e  t i m e  o f  s o x i n g  t o  t h e  h i~ , l i  f e r t i l i t y  trc:l tnlc.nts.  
T h i s  p r o v i d e d  1 4  kg  N and 16 kg I'/ha r e s p e c t i v e l y .  A t  110 days a f t e r  
emergence a  s t a r t e r  d o s e  o f  75  kg/ha  o f  gromor fertilizer ( 2 0 - 1 2 - 0 )  
w a s a a p p l i e d  t o  a l l  p l o t s  ( b o t h  and h i g h  f e r t i l i t y  t r e a t m e n t s )  . 'Tliis 
p r o v i d e d  20 k g  N and 1 2  kg P/ha r c s p e c t i v e l y .  The c c r c a l  c r o p s  :irid 
c a s t o r  and c a s t o r  i n  t h e  h i g h  t r e a t m e n t  were  l a t e r  on t o p  dresscd 
w i t h  u r e a  (465 N )  a t  t h e  r a t e  o f  100 h g / h a .  Tlie o v e r a l l  f e r t i  l i z c r  
a p p l i c a t i o n  f o r  t h e  d i f f e r e n t  c r o p p i n g  .systems was : 
Low f e r t i l i t y  
High f e r t i l i t y  
20 kg/ha  N and 9 kg /ha  p 
80 kg /ha  N f o r  a l l  c e r e a l s  a n d  c a s t o r  
3 4  kg/l.ia N f'or a1 1  I egurncs 
2 5  kg/ha  P t o  a l l  c r o p s  
I n  c a s e  o f  r e l a y  and s e q u e n t i a l  c r o p s ,  80 kg /hn  o f  Dinmmonium 
p h o s p h a t e  was a p p l i e d  a t  t h e  t i m e  o f  sowing  t o  t h e  h i g h  f e r t i l i t y  
p l o t s ,  and r e l a y  c a s t o r  was l a t e r  on  t o p  d r e s s e d  \ ~ t i h  100 hg /ha  u r c a .  
Ratoon sorghum i n  t h e  h i g h  f e r t i l i t y  t r e a t m e n t s  was d r e s s e d  soon 
a f t e r  h a r v e s t ,  w i t h  90  k g / h a  o f  u r e a .  
F I E L D  OPERATIONS 
1. Land p r e p a r a t i o n :  
Ploughing was done on 2 1 s t  J u n e  1982 u s i n g  a t r o p i c u l t o r .  
A f t e r  p loughing ,  bed f o r m a t i o n  and l e v e l l i n g  fo l lowed.  For t h e  
s e q u e n t i a l  c r o p s ,  t h e  concerned p l o t s  were ploughed soon a f t e r  ti le 
h a r v e s t  o f  p e a r l  m i l l e t .  
2 .  Sowing: 
Sowing o f  a l l  c r o p s  was done u s i n g  a  p l a n t e r  mounted on a t r o p i -  
c u l t o r ,  on 24 th  and 25 th  June. Both s e e d s  and f e r t i l i z e r  were d r i l l e d  
a t  t h e  same t ime  w i t h  t h e  f e r t i l i z e r  shoe  a r r a n g e d  i n  such a  way t h a t  
t h e  f e r t i l i z e r  was p l a c e d  3 c m  d e e p e r  t h a n  t h e  seed  and 5 cm t o  t h e  
s i d e  o f  t h e  seed  furrow. By p u t t i n g  d i f f e r e n t  s e e d s  i n  t h e  a p p r o p r i a t e  
seed  box,  i n t e r c r o p s  were sown w i t h o u t  much problem. D i f f e r e n t  seed  
p l a t e s  were used  t o  g i v e  t h e  r e q u i r e d  s p a c i n g  and p o p u l a t i o n .  No 
t h i n n i n g  was done a f t e r w a r d s .  Some p l o t s  o f  m i l l e t  and sorghum were 
g a p - f i l l e d  due t o  some poor  g e r m i n a t i o n .  
3 .  Weeding: 
An i n t e r r o w  c u l t i v a t i o n  by t h e  t r o p i c u l t o r  was done 15 days  
a f t e r  emergence. T h i s  was f o l l o w e d  by 2 handweedings a t  25 days  and 50 
days  a f t e r  emergence r e s p e c t i v e l y .  The s o l e  cowpea and s o l e  m i l l e t  
p l o t s  were n o t  weeded f o r  t h e  2nd t i m e  because  t h e r e  were l e s s  weeds and 
t h e  c r o p s  were weeded, s o  a s  t o  r e d u c e  weed c o m p e t i t i o n  f o r  t h e  r e l a y  
c a s t o r  t h a t  was t o  f o l l o w .  Both r e l a y  and s e q u e n t i a l  c r o p s  were weeded 
once a t  35 d a y s  a f t e r  emergence. 
3 . 6 . 4 .  T o p d r e s s i n g  : 
A s t a r t e r  d o s e  o f  75 kg/hn gromor fertilizer ( 2 8 - 1 2 - 0 )  was 
g iven  a t  20  days  a f t e r  crnergence t o  a l l  c r o p s  due t o  a n  i n i t i a l  ] loor  
g rowth .  L a t e r ,  a t  2 7  days  a f t e r  emergence  t h e  c e r c a l s  a n d  c a s t o r  i n  
h i g h  f e r t i l i t y  t r e a t - e n t s  were  t o p d r e s s e d  w i t h  1 0 U  Ig / l l a  urc:l. 'I'ili s  
b r o u g h t  t h e  o v e r a l l  amount o f  n i t r o g e n  a p p l i e d  h igh  f c r t i l i  t y  t i .ea tmcnt  s 
t o  80 kg /ha .  
3 . 6 . 5  Relay p l a n t i n g  : 
'The r e l a y  c a s t o r  was coiin i n  be tween niungllenn rows,  15 da).s 
b e f o r e  t h e  mungbean h a r v e s t ,  u s i n g  a N i k a r t  mounted p l a n t e r  ( Y i L o l - t  h a s  
more c l e a r a n c e  t h a n  t r o p i c u l t o r )  . F e r t i l i  z c r  \ ins n p p l  i e d  :it t h e  same t i rnc .  
There was some damage t o  t h e  mungbean p l a n t s  u l l i l e  sowing.  
3 . 6 . 6  S e q u e n t i a l  p l a n t  : 
'The s e c ~ i l e n t i a l  cowpca and ho r seg ram i i e r e  p l a n t e d  7 d a y s  a f t e r  
t h e  p e a r l  m i l l e t  h a r v e s t  w i t h  due l a n d  p r e p a r a t i o n .  
3 . 6 . 7  Ra toon ing  : 
The sorghum c r o p  was h a r v e s t e d  a t  p h y s i o l o g i c a l  m a t u r i t y  t o  
a l l o w  more t i m e  f o r  t h e  r a t o o n  c r o p .  'The s t u b h l e s  were c u t  3  cm above  
t h e  g round .  Urea  (90 kg /ha )  b a s  a p p l i e d  a t  t h e  h i g h  f e r t i l i t y  t r e a t m e n t s .  
3 . 6 . 8  P l a n t  p r o t e c t i o n  : 
P l a n t  p r o t e c t i o n  f o r  b o t h  p e s t s  and d i s e a s e s  were  c a r r i e d  
o u t  when t h e  l e v e l  o f  i n f e s t a t i o n  was above  t h e  economic l e v e l  o f  
damage. 
Crop P e s t  
Cowpea Aphids (Aphis c r a c c i v o r a )  Rogor 30 EC @ 0 . 7 5  l / h a  
Stem f l y  (Melangromyza 
p h a s e o l i )  
C a s t o r  
Groundnut 
C a s t o r  semi looper  (Achara 
j a n a t a )  
J a s s i d s  ( E m ~ o a s s a  k e v i )  
-1 -' 
T h r i p s  ( F r a n k l i n i e l a  
s c h u t t z e i )  , ( S c i r t o t h r i p s  
d o r s a l i s )  
Thiodan 35 EC @ 1 . 5  l / h a  
Rogor 30 EC @ 0.75 l / h a  
Thiodan 35 EC@ 1 . 5  l / h a  
Pigeonpea Pod b o r e r  ( H e l i o t h i s  a rmigera)  Thiodan 35 EC @ 1 . 5  l / h a  
Ratoon sorghum Shoot bug ( P e r i ~ r i n u s  maid i s )  Thiodan 35 EC@ 1 . 5  l / h a  
Pletasystox @ 0 . 5  1/ha 
9 .  H a r v e s t i n g  and t h r e s h i n g :  
The v a r i o u s  c r o p s  were h a r v e s t e d  a s  t h e y  matured,  and t h e  t i m e  
t a k e n  i s  shown i n  F i g  5. The h a r v e s t e d  m a t e r i a l  was s u n d r i e d  and t h e n  
t h r e s h e d  manual ly.  
OBSERVATIONS RECORDED 
1. Days t o  emergence: 
T h i s  was counted  from t h e  d a t e  o f  sowing t i l l  90% o f  t h e  seed-  
l i n g s  had emerged. 
2. L i g h t  i n t e r c e p t i o n :  
A 'T' meter  developed by Wi l l i ams  and A u s t i n  (1977) a t  t h e  
P l a n t  Breeding I n s t i t u t e ,  Cambridge was used .  I t  c o n s i s t s  o f  
h o r i z o n t a l  b a r  b e a r i n g  p h o t o c e l l s  f o r  i n s e r t i o n  i n t o  t h e  c r o p ,  a  c o n t r o l  
mounted on t o p  o f  t h e  c r o p  and a  c o u n t e r .  The p h o t o  e l e c t r i c  c e l l s  
Fig, ,5. Crop dura t ion in weeks. 
i Sorghum 
I Pigeonpea 
Mi 1  l e t  
I Pigeonpea 
b Groundnut 
I Figeonpea 
-' Mil l e t  
.( Castor 
Irlungbe an 
I Castor 
t4 i  1 l e t  
Groundnut 
4 Sorghum 
-Cowpea 
Sorghum Ratoon sorghum 
I-! 
t Mil l e t  Sequenti  a1 horsegram 
!- 14i I l e t  Sequenti  a1 cow~ea  < 
Mungbean Relay c a s t o r  
3 
- - - - - - - Rain fa l l  d u r a t i ~ n  
I 
WeeksfrornO 2 4 6 8  
sowing 0  2  4 6 8 10 12 14 16 1 8  20 22 2 4  26 28 30 32 
Standard 
week 25 2 7  29 31 33 35 37 39 41 43 45 47  49 51 1  2 3 
June 1  Ju ly  1 Aug 1 Sept  1  Oct 1  Nov 1 Dec 1  Jan 1983 
1982 
a r e  mounted beneath f i l t e r  t o  c u t  ou t  long wave r a d i a t i o n .  
D i f f u s e r s  t i t l e d  over  each c e l l  reduce e r r o r s  due t o  bear ing and 
sky c o n d i t i o n s .  I t  g ives  a  d i g i t a l  d i s p l a y  o f  percentage t r ansmiss ion  
o f  p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  (PAR). 
The h o r i z o n t a l  b a r  was i n s e r t e d  under t h e  crop i n  such a  way 
a s  t o  cover  a l l  t h e  crops  on t h e  broadbed. Light r ead ings  were taken 
a t  f o u r  l o c a t i o n s  p e r  p l o t  (only  on t h e  two i n n e r  beds comprising t h e  
n e t  p l o t ) .  The average l i g h t  t r ansmiss ion  p e r  p l o t  was c a l c u l a t e d .  
From t h i s ,  t h e  percentage l i g h t  i n t e r c e p t i o n  was c a l c u l a t e d  from t h e  
formula:  
% l i g h t  i n t e r c e p t i o n  = 100 - % l i g h t  t r ansmiss ion .  
3.  Days t o  50% f lower ing :  
This  was counted from t h e  d a t e  o f  emergence up t o  when 50% 
of t h e  p l a n t s  i n  t h e  n e t  p l o t  had flowered. 
4 .  P lan t  h e i g h t :  
P l a n t  h e i g h t  was measured from t h e  ground t o  t h e  t i p  o f  t h e  
p l a n t  (earhead i n  c a s e  o f  sorghum and m i l l e t )  a t  t h e  t ime o f  ha rves t  
A 2 meter s c a l e  was used and t h e  p l a n t  he igh t  measured t o  t h e  n e a r e s t  
cen t ime te r .  
5. P l a n t  popu la t ion :  
The number o f  p l a n t s  i n  t h e  n e t  p l o t  were counted a t  h a r v e s t  
t ime,  then  conver ted t o  p l a n t s  p e r  h e c t a r e .  
6.  Y i e l d  and y i e l d  components: 
A t  h a r v e s t  t i m e ,  10  p l a n t s  i n  e a c h  c r o p  were randomly snmplcd 
from t h e  p l o t  and a n a l y s e d  f o r  y i e l d  components .  
A f t e r  h a r v e s t  o f  t h e  n e t  p l o t ,  t h e  g r a i n  y i e l d ,  d r y  s t r a w  y i e l d  
and t o t a l  d r y  m a t t e r  p e r  p l o t  were r e c o r d e d  and t h e n  c o n v e r t e d  t o  y i e l d  
p e r  h a .  T h i s  was r e c o r d e d  a s  kg /ha  and t o  t h e  n e a r e s t  kg. 
Y i e l d  and y i e l d  components t a k e n  f o r  e a c h  c r o p  were:  
1. Sorghum and m i l l e t  
a .  The weight  p e r  e a r h e a d  i n  grams 
b .  Number o f  g r a i n s  p e r  e a r h e a d  
c .  1000 s e e d  weigh t  i n  grams 
d.  Gra in  y i e l d  i n  kg /ha  
e .  S t raw y i e l d  i n  kg/ha 
f .  T o t a l  d r y  m a t t e r  i n  kg /ha  
2.  Cowpea, Mungbean and p i g e o n p e a  
a .  No. o f  p o d s / p l a n t  
b.  No. o f  s e e d s / p o d  
c .  100 s e e d  weigh t  i n  grams 
d .  Gra in  y i e l d  i n  kg/ha 
e .  S t r a w  y i e l d  i n  kg/ha 
f .  T o t a l  d r y  m a t t e r  i n  kg/ha 
3 .  Groundnut 
a .  No. o f  p o d s / p l a n t  
b. No. o f  seeds /pod  
c .  100 s e e d  weigh t  i n  grams 
d.  Pod .y ie ld  i n  kg/ha 
e .  H u l m  y i e l d  i n  kg /ha  
f .  T o t a l  d r y  m a t t e r  i n  kg /ha  
4. C a s t o r  
a .  No. o f  r a c e m e s / p l a n t  
b. No. o f  c a p s u l e s / r a c e m e  
c .  100 s e e d  weigh t  i n  grams 
d. Y i e l d  o f  c a p s u l e s  i n  kg/ha 
e .  Y i e l d  o f  beans  i n  kg/ha 
f .  S t raw y i e l d  i n  kg /ha  
g. T o t a l  d r y  m a t t e r  i n  kg/ha 
7 .  Land E q u i v a l e n t  R a t i o  ( L E R )  : 
T h i s  was c a l c u l a t e d  u s i n g  t h e  e q u a t i o n  g iven  by Mead and 
Wi l ley  (1979).  
Y A  Y B  LER = -- + - Where, 
S A  SB 
YA and YB a r e  t h e  i n d i v i d u a l  c r o p  y i e l d s  i n  t h e  i n t e r c r o p p i n g  and SA 
and SB a r e  t h e  y i e l d s  o f  t h e  s o l e  c r o p s .  S o l e  c r o p  y i e l d  i n  each main 
p l o t  was used  t o  c a l c u l a t e  LER f o r  a l l  t h e  i n t e r c r o p s  i n  t h a t  p a r t i c u l a r  
main p l o t .  
8 .  Economic C a l c u l a t i o n s :  
8 .1  V a r i a b l e  c o s t  
The v a r i a b l e  c o s t  f o r  e a c h  c r o p p i n g  sys tem was c a l c u l a t e d .  
A l l  t h e  c o s t s  o f  i n p u t s  were p r o v i d e d  by  ICRISAT Economics Program. 
The v a r i a b l e  c o s t s  i n c l u d e d :  
M a t e r i a l  i n p u t s  - s e e d s ,  f e r t i l i z e r  and p e s t i c i d e s  
Labour - l a n d  p r e p a r a t i o n ,  sowing,  f e r t i l i z e r  a p p l i -  
c a t i o n ,  weeding,  h a r v e s t i n g  and t h r e s h i n g  
The v a r i a b l e  c o s t  f o r  e a c h  c r o p p i n g  sys tem i n  Rs/ha i s  shown 
i n  Appendix VI I .  
8 . 2  Gross and n e t  r e t u r n s  
Gross r e t u r n s  were c a l c u l a t e d  by m u l t i p l y i n g  t h e  economic 
y i e l d  by t h e  market  p r i c e  one month a f t e r  h a r v e s t  ( P e r i n  e t  a l ,  1979) .  
- -  
Local market p r i c e s  were used  and t h e  p r i c e s  p r o v i d e d  by 1CRISA'l"s 
Economic Program i s  shown i n  Appendix V I .  
Net r e t u r n s  = g r o s s  r e t u r n s  - v a r i a b l e  c o s t  ( P e r i n  et a l ,  1979) 
9. S t a t i s t i c a l  a n a l y s i s :  
A n a l y s i s  o f  v a r i a n c e  f o r  a  s p l i t  p l o t  d e s i g n  was used  ( F i s h e r  
and Y a t e s ,  1948) .  The a n a l y s i s  was c a r r i e d  o u t  f o r  l i g h t  i n t e r c e p t i o n ,  
days  t o  50% f l o w e r i n g ,  p l a n t  h e i g h t ,  y i e l d  and y i e l d  components, l a n d  
e q u i v a l e n t  r a t i o s  and t h e  n e t  r e t u r n s .  
RESULTS 
RESULTS 
The r e s u l t s  o f  t h e  o b s e r v a t i o n s  t h a t  were made a r e  p resen ted  
below a f t e r  a n a l y s i s  o f  v a r i a n c e  was c a r r i e d  o u t .  To make t h e  t a b l e s  
more c l e a r  wi thou t  i n c l u s i o n  o f  s o  many f i g u r e s ,  some s h o r t  from 
method was used t o  p r e s e n t  t h e  SE ( i n t e r a c t i o n ) .  The SE i n t e r a c t i o n  
throughout  i s  r e p r e s e n t e d  by SE (C x F ) .  The SE f o r  comparing 
d i f f e r e n t  cropping systems a t  t h e  same f e r t i l i t y  l e v e l  i s  p r e s e n t e d  
a s  SE1, wh i l e  SE f o r  comparing t h e  two f e r t i l i t y  l e v e l s  a t  t h e  same 
cropping system a s  SE2. 
C D  a t  5% s i g n i f i c a n c e  l e v e l  i s  g iven i n  b r a c k e t s  b e s i d e  t h e  
S E  f o r  o n l y  t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t s .  
4 . 1  The number o f  days  t o  emergence and p l a n t  p o p u l a t i o n  a t  
t h e  t ime  of h a r v e s t  a r e  shown i n  Appendix n a n d  I n r e s p e c t i v e l y .  
4 . 2  Days t o  50% flowering 
This  was counted from t h c  d a t e  of  emergence till t h e  time 50' 
of  t h e  p l a n t s  i n  t h e  n e t  p l o t  had flowered i n  t h e  d i f f e r e n t  trcatriient? 
Sorghum reached 50% flowering a t  56 and 60 days a f t e r  
emergence i n  h igh  and low f e r t i l i t y  r e s p e c t i v e l y .  The two means were s t a t -  
i s t i c a l l y  s i g n i f i c a n t  (SE f 0.22 d a y s ) .  The t rea tment  and i n t e r a c t i o n  
e f f e c t s  had no s i g n i f i c a n t  e f f e c t  on t h e  d a t e  o f  f lowering (Table 6 ) .  
M i l l e t  a t t a i n e d  50% f lowering a t  45 and 50 days i n  high and 
low f e r t i l i t y  r e s p e c t i v e l y  (SE 5 0 . 5 ) .  In te rc roppinq  m i l l e t  wlth 
pigeonpea and c a s t o r  increased  t h e  time t o  501 f lowering ( S C  5 
0 . 7 2 ) .  The i n t e r a c t i o n  e f f e c t s  were n o t  s i g n i f i c a n t  (Table 7 ) .  
I n  c a s e  o f  pigeonpea,  high f e r t i l i t y  t r e a t m e n t s ,  reached 509 
f lower ing  a t  126 days from emergence whi le  t h o s e  under low f e r t i l i t y .  
flowered a t  131 days from emergence (SE 2 0 . 5 ) .  Component c rops  i n  
t h e  i n t e r c r o p  i n c r e a s e d  t h e  t ime t o  50"slowering s i g n i f i c a n t l y  ( s E ~ 0 . 8 ) .  
Groundnut had t h e  g r e a t e s t  e f f e c t  ( 6  days i n c r e a s e ) ,  while  sorghum had 
t h e  l e a s t  e f f e c t  (Table 8 ) .  
Groundnut days t o  50% f lower ing  were o n l y  a f f e c t e d  by t h e  
f e r t i l i t y  l e v e l ,  being 28 and 31 days f o r  high and low f e r t i l i t y  r e s p e c t i v e l :  
(SE+O.11). The component c r o p  e f f e c t s  and i n t e r a c t i o n  e f f e c t s  had no 
- 
e f f e c t  on t h e  time t o  50% f lower ing  (Table 9 ) .  
T a b l e  6 .  Sorghum, - Days t o  50% f l o w e r i n g  
Days t o  50% f l o w e r i n q  
H F  LF Mean SE o f  ~ e a n  
Sorghum 
Sorghum ( cowpea)  
Sorghum ( p i g e o n p e a )  
Mean 
SE o f  mean 
SE1 (C X F) 
T a b l e  7 .  M i l l e t  - Days t o  50% f l o w e r i n g  
Days t o  50% f l o w e r i n q  
H F  LF Mean SE o f  M 
M i l l e t  ( p i g e o n p e a )  
M i l l e t  ( g r o u n d n u t )  
M i l l e t  ( c a s t o r )  
M i l l e t  ( s o l e )  
Mean 
SE of Mean 
SE1 (C x E) 
SE2 (C X F)  
cv % 
Table  8 .  Pigeonpea - Days t o  50% f lower ing  
Days t o  50% f lower ing 
H F  LF ~e an SE of M 
Pigeonpea 
Pigeonpea (sorghum) 
Pigeonpea ( m i l l e t )  
Pigeonpea (groundnut)  
Mean 
SE o f  mean 
SE1 (C  x F) 
SE2 (C X F) 
cv % 
Table  9. Groundnut - Days t o  50% f lower ing  
Days t o  50% f lower ing  
H F  LF Mean SE o f  M 
Groundnut 28.3 29.3 29 - + 0.84 
Groundnut ( m i l l e t )  29.0 30.0 3 0 
Groundnut (p igeonpea)  28.3 31.0 30 
Mean 2 8 . 5  30.1 
SE o f  mean + 0 .11  (0 .48)  
- 
SEl(C x F) + 1 . 2  
- 
SE2 ( F  X C )  + 0.97 
- 
cv % 4.95 
Both i n  cowpea and mungbean, t h e  days  t o  50% f lower ing  were 
n o t  a f f e c t e d  by e i t h e r  t h e  f e r t i l i t y  l e v e l  nor  by intercropplng.Munybean 
f lowered  a t  32 d a y s  and cowpea a t  4 5  d a y s  a f t e r  emergence r e s p e c t i v e l y  
(Table  1 0 ) .  
I n  c a s e  o f  c a s t o r ,  50% f l o w e r i n q  was a t t a i n e d  a t  58 days  
and 64 d a y s  a f t e r  emergence f o r  h i g h  and low f e r t i l i t y  r e s p e c t i v e l y  
( ~ ~ L 0 . 5 9 ) .  I n t e r c r o p p i n g  cas t .o r  w i t h  m i l l e t  and i n c r e a s e d  t h e  t ime 
t o  50% f l o w e r i n g  s i g n i f i c a n t l y  ( S ~ t l . 1 8 ) .  The i n t e r a c t i o n  e f f e c t s  
between c r o p p i n g  system and f e r t i l i z e r  had no e f f e c t  on t ime  taken  
t o  r e a c h  50% f l o w e r i n q  (Table  1 1 ) .  
4 .3 L i g h t  i n t e r c e p t i o n  
L i g h t  i n t e r c e p t i o n  was measured a t  1 5  day  i n t e r v a l s  u s i n g  a  
T-meter, and t h e  p e r c e n t a g e  l i g h t  i n t e r c e p t i o n  o f  p h o t o s y n t h e t i c a l l y  
a c t i v e  r a d i a t i o n  (PAR) f o r  e a c h  o f  t h e  d i f f e r e n t  c ropping  sys tems  i s  
shown i n  Table  12. For  s i m p l i c i t y  r e a s o n s ,  t h e  d i f f e r e n t  c ropping  
sys tems  were grouped i n t o  f i v e  g r o u p s ,  namely sorghum, m i l l e t ,  p igeonpea ,  
g roundnut  and c a s t o r  b a s e d  c r o p p i n g  sys tems  and a r e  shown i n  F ig  6 ,  7 ,  
8 ,  9 and 10 .  
The f i r s t  l i g h t  r e a d i n g s  were t a k e n  35 d a y s  a f t e r  
emergence. At  t h a t  t i m e ,  t h e  amount i n t e r c e p t e d  was s i g n i f i c a n t l y  
d i f f e r e n t  f o r  t h e  d i f f e r e n t  c r o p p i n g  sys tems  (SE + 10.23) and 
T a b l e  1 0 .  Mungbean - Days t o  50% f l o w e r i n g  
Days t o  50% f l o w e r i n g  
H F  LF Mean S E  o f  Mean 
- - - -- - - - 
I 
Mungbean 32.7 31.7 32.12 
Munqbean ( C a s t o r )  31.3 3 2 . 3  31 .8  
Mean 32 32 
S E  o f  mean + 0 . 5  
- 
SE1 (C x F)  + 0.67  
- 
SE2 ( C  x F )  + 0 . 6 8  
- 
CV 0 2 . 5 5  
T a b l e  11. C a s t o r  - Days t o  50% f lower inc j  
Days t o  50% f l o w e r i n g  
H F  L F  Mean SE o f  Mean 
C a s t o r  
C a s t o r  ( m i l l e t )  
C a s t o r  (mungbean) 
Mean 
SE of mean 
S E l ( C  x F )  
S E 2 ( C  x F) 
cv % 

Percentage o f  l ight  interception 
Perc~ntage  o f  l i g n t  interception 
- 
- N O  i n m  u r n  w o  
0  0 0  0 0 0  0 0  0  0 
Percentage of l i ~ h t  in te rcep t ion  
- N W - P  O I V ~  w 0 
0 0 0 0  0 0 0 0  0 0 
P e r c e n t a g e  of l i q h t  i n t e r c e p t i o n  
- 
- N W 2 a m m u m ~ o  
3 0 0 0 0 0 0 0 0 0 0  

Percentage  of l i g h t  i n t e r c e p t i o n  
N w D L ~  m u m  DO 
0 0  0 0  0 0 0 0 0  
1 
, \ ' I  I 
Percentage o f  l i  qht i n t e r c e p t i o n  
- 
N W -  ~1 m ~ r n  a o  0 0 0  0  0 0 0  0 0  
f e r t i l i t y  l e v e l s  ( S E  -+ 10 .07)  , i n d i c a t i n g  t h e  n a t u r e  o f  canopy c o v e r .  
S o l e  m i l l e t  was i n t e r c e p t i n g  t h e  maximum l i g h t  ( 6 7 % )  under  h ~ g h  
f e r t i l i t y  t r e a t m e n t s ,  a n d  s o l e  p i g e o n p e a  t h e  minimum (179). Uncier 
low f e r t i l i z e r  s i t u a t i o n ,  s o l e  cowpea was i n t e r c e p t i n g  rnaxunun l l q h t  
(67%) and  s o l e  sorghum t h e  minimum (16%).  
Among t h e  d i f f e r e n t  i n t e r c r o p p i n g  s y s t e m s ,  sorghurn/cowjiea 
and m i l l e t / c a s t o r  were  i n t e r c e p t i n g  maximum l i g h t  under  h i g h  f e r t i l i t y  
s i t u a t i o n ,  m i n l y  d u e  t o  t h e  r a p i d  growth  o f  cowpea and c a s t o r .  
Sorghum/cowpea was t h e  o n l y  i n t e r c r o p  i n t e r c e p t i n g  more t h a n  3 3 %  l i g h t  
u n d e r  low f e r t i l i t y  s i t u a t i o n .  
Where s h o r t  d u r s c i o n  c r o p s  were i n v o l v e d ,  t h e  l i ( j h t  i n t c r c e i r  
t i o n  r o s e  s t e a d i l y  r e a c h i n g  t h e  peak  a t  50 days a f t e r  emergence w i t h  
m i l l e t / p i g e o n p e a ,  sorghum/cowped, m i l l e t / c a s t o r  s o l e  m i l l e t  and s o l e  
cowpea, i n t e r c e p t i n g  o v e r  8 0 %  l i g h t  under  h i g h  f e r t i l i t y  and 50% 
u n d e r  low f e r t i l i t y  t r e a t m e n t s .  
At  65 d a y s  a f t e r  emergence ,  t h e r e  was a  s h a r p  d e c l i n e  i n  
l i g h t  i n t e r c e p t i o n  f o r  a l l  t h e  c r o p p i n g  s y s t e m s  due  t o  two main 
r e a s o n s  : 
a .  The c r o p s  s u f f e r e d  f r c m  s e v e r e  m o i s t u r e  s t r e s s  f o r  
a b o u t  two weeks r e s u l t i n g  i n  s e v e r e  w i l t i n g .  This 
i s  s t a n d a r d  week 34 and  35 (2-16 th  September )  shown 
i n  F i g  1. 
b. Some e a r l y  m a t u r i n g  c r o p s  such  a s  cowpea and rnunqbesn 
C 
2 
were a l r e a d y  h a r v e s t e d ,  and o t h e r  l i k e  m i l l e t  were 
1. 
s e n e s c i n g ,  hence  poor  canopy and t h e  low l i g h t  i n t e r -  
c e p t i o n .  
A f t e r  t h e  h a r v e s t  o f  one o f  t h e  component c r o p s ,  t h e  m o u n t  o f  
l i g h t  i n t e r c e p t i o n  d e c l i n e d ,  and o n l y  p i c k e d  up i n  c a s e  o f  t h e  long d u r a -  
t i o n  c r o p s  l i k e  p igeonpea  ( F i g  6 ) .  I n  some sys tems  l i k e  m i l l e t / c a s t o r ,  
where m i l k t  was i n t e r c e p t i n g  more l i g h t ,  l i g h t  i n t e r c e p t i o n  c o n t i -  
nued t o  d e c l i n e  a f t e r  i t s  h a r v e s t ,  even though c a s t o r  i s  a long  
d u r a t i o n  c r o p  ( F i g  7 and 9 ) .  
A t  h a r v e s t ,  most o f  t h e  c r o p p i n g  sys tems  were i n t e r c e p t i n g  
a b o u t  20-50% o f  incominq l i g h t ,  e x c e p t  pigeonpea ( i n  a l l  piqeongea-based 
c r o p p i n g  s y s t e m s )  which was s t i l l  i n t e r c e p t i n g  more t h a n  60% o f  incominq 
1 i g h t  . 
The amount o f  l i g h t  i n t e r c e p t e d  by some c r o p p i n g  sys tems  
were a f f e c t e d  by some c u l t u r a l  f a c t o r s :  
1. Poor c r o p  s t a n d ,  a s  i n  t h e  c a s e  o f  sorghum based 
c r o p p i n g  sys tems  and m i l l e t - i n t e r c r o p p i n g  sys tems ,  
where b o t h  sorghum and m i l l e t  g e r m i n a t i o n  was v e r y  
low and hence  t h e  c r o p  canopy was n o t  w e l l  deve loped .  
2.1 D i s e a s e  and  p e s t s .  I n  c a s e  o f  cowpea, it was a t t a c k e d  
by  s tem f l y  (Meladoqromyza s p p . )  which  destroyed most 
p l a n t s ,  t h u s  r e d u c i n g  t h e  c r o p  p l a n t  p o p u l a t i o n .  I n  
g r o u n d n u t ,  it was a t t a c k e d  by t i k k a  l e a f s p o t  ( c .  a r a c h i -  
- 
d i c o l a )  , which d e s t r o y e d  most  l e a v e s  t h u s  d,maging t h e  
c r o n  canopy .  
4 .4 .  P l a n t  H e i g h t  
The p l a n t  h e i g h t  a t  h a r v e s t  t i m e  was g e n e r a l l y  more a f f e c t e d  
by  t h e  f e r t i l i t y  l e v e l  t h a n  t h e  c r o p p i n g  s y s t e m s .  
The sorghum p l a n t  h e i g h t  was n o t  a f f e c t e d  s i q n i f i ~ ~ ~ n t l y  
by e i t h e r  t h e  f e r t i l i t y  l e v e l ,  o r  t h e  component c r o p  i n  t h e  i n t e r c r o p  
and had a  mean h e i g h t  o f  1 3 0  cm ( T a b l e  13). 
S o l e  m i l l e t  had  a  mean h e i g h t  o f  153  cm, m i l l e t  i n  c a s t o r  
i n t e r c r o p  135  crn, i n  g r o u n d n u t  i n t e r c r o p  100  cm, and  i n  p igeonpea  
i n t e r c r o p  148 cm (SE f_ 9 .4  cm) .  These  d i f f e r e n t  p l a n t  h e i g h t  means 
were  s t a t i s t i c a l l y  d i f f e r e n t .  The e f f e c t s  o f  f e r t i l i t y  l e v e l  was 
n o t  s i g n i f i c a n t  ( T a b l e  1 4 ) .  
I n  c a s e  o f  p i g e o n p e a ,  p l a n t  h e i g h t  was g r e a t l y  i n f l u e n c e d  
by  f e r t i l i z e r  e f f e c t s ,  140 cm a n d  1 2 0  cm (SE+ 3 . 4  cm) f o r  h i g h  and  low 
f e r t i l i t y  s i t u a t i o n s  r e s p e c t i v e l y .  T h e r e  was no s i g n i f i c a n t  r e d u c t i o n  
in p l a n t  h e i g h t  o f  p i g e o n p e a  i n  t h e  d i f f e r e n t  i n t e r c r o p p i n g  s y s t e m s  
( T a b l e  1 5 ) .  
Table 13. sorghum p l a n t  h e i g h t  a t  f i n a l  h a r v e s t  time 
P l a n t  h e i g h t  i n  cm Mean SE of mean 
HF W 
S o l e  sorghum 127.7 126.3 127 + 6.07 
Sorghum (Pigeonpea) 128.6 119.7 124 
Sorghum (Cowpea) 142.0 122.0 132 
Mean 132.8 128.7 
SE of  mean + 2.42 
SElfor comparing d i f f e r e n t  cropping systems a t  same f e r t i l i t y  l e v e l  2 8 . 5  
SE2for comparing d i f f e r e n t  f e r t i l i t y  l e v e l  f o r  t h e  same cropping system 2 7.4 
CV% 8.23 
Table 1 4 .  M i l l e t  p l a n t  h e i g h t  a t  f i n a l  h a r v e s t  time 
P l a n t  h e i g h t  i n  cm Mean SE of mean 
H F  LF 
M i l l e t  (Pigeonpea) 14 0 148 144 - + 9 . 4 ( 2 0 )  
M i l l e t  (Groundnut) 110 100 105 
M i l l e t  (Castor)  132 135 133 
M i l l e t  ( s o l e )  160 153 157 
Mean 135.5 134 
SE 2 o f  mean +1.3 
- 
SElfor  comparing d i f f e r e n t  cropping systems a t  same f e r t i l i t y  l e v e l  2 13.35 
SE2for comparing d i f f e r e n t  f e r t i l i t y  l e v e l s  f o r  same o r  d i f f e r e n t  cropping 
system 3- 11.99 
T a b l e  1 5 .  P i g e o n p e a  p l a n t  h e i g h t a t  f i n a l  h a r v e s t  t i m e  
P l a n t  h e i g h t  i n  cm Mean SE of mean 
H F  LF 
-- 
P i g e o n p e a  ( S o l e )  14 4  14G 1 4 5  + 1 1 . 7 8  
- 
P i g e o n p e a  ( so rghum)  1 5 3  1 1 9  1 3 6  
P i g e o n p e a  ( m i l l e t )  1 3 4  112 12  3 
P i g e o n p e a  (Groundnu t )  1 2 8  1 0 4  1 1 6  
Mean 1 4 0  1 2 0  
SE O f  mean + 3.44 (14 .8 )  
- 
---- .................... ------------------------------------------------ 
S E l f o r  c o m p a r i n g  d i f f e r e n t  c r o p p i n g  s y s t e m s  a t  same f e r t i l i t y  l e v e l  - + 1 5 . 9  
S q  f o r  c o m p a r i n g  d i f f e r e n t  f e r t i l i t y  l e v e l  a t  same o r  d i f f e r e n t  c r o p p i n q  
s y s t e m  2 14 .2  
CV % 1 0 . 7 5  
T a b l e  1 6 .  C a s t o r  p l a n t  h e i g h t  a t  f i n a l  h a r v e s t  t i m e  
P l a n t  h e i g h t  i n  c m  Mean SE o f  mean 
HF LF 
C a s t o r  ( s o l e )  7  2  7  1 7 2  + 9 . 1  
- 
C a s t o r  ( m i l l e t )  7 9  55  6 7  
C a s t o r  (munqbean)  8 9  7 1  8 0  
SE o f  mean + 1 . 3  ( 5 . 6 )  
- 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -- - - - - -- - - - - 
SE 1 - + 1 2 . 9  
C a s t o r  a t t a i n e d  a  h e i q h t  o f  80 cm and 66 cm ( S e l . 3  cm) f o r  
h i g h  and low f e r t i l i t y  s i t u a t i o n s  r e s p e c t i v e l y .  The m i l l e t  and munqbenn 
i n t e r c r o p s  had no s i g n i f i c a n t  e f f e c t  on  p l a n t  h e i g h t  (Table  1 6 ) .  Cowpca 
p l a n t  h e i g h t  was n o t  a f f e c t e d  by  e i t h e r  f e r t i l i t y  l e v e l  nor  t h e  sorghum 
i n t e r c r o p ,  w h i l e  mungbean p l a n t  h e i q h t  was c o m p a r a t i v e l y  reduced  a t  
low f e r t i l i t y  t r e a t m e n t .  
4 . 5  Y i e l d  and y i e l d  components 
-- 
4 . 5  -1 Sorghum 
The sorghum p a n i c l e  w e i g h t ,  23.97 gm and 14.54 grn 
(SE 5 2.7 qm) f o r  h i g h  and low f e r t i l i t y  t r e a t m e n t s  r e s p e c t i v e l y  
was s i g n i f i c a n t l y  d i f f e r e n t .  The component c r o p  i n  t h e  i n t c r c r o p p i n g  
s y s t e m s  and t h e i r  i n t e r a c t i o n  w i t h  f e r t i l i z e r  did n o t  a f f e c t  t h e  
p a n i c l e  weigh t  s i g n i f i c a n t l y .  
The number o f  g r a i n s  p e r  p a n i c l e  was a l s o  n o t  i n f l u e n c e d  
by  e i t h e r  t h e  f e r t i l i t y  l e v e l  o r  t h e  component c r o p  o r  t h e i r  
i n t e r a c t i o n  and  t h e  mean was 1194 g r a i n s  p e r  head .  However, t h e  
1 0 0 0 - ~ r a i n  w e i g h t  was s t a t i s t i c a l l y  d i f f e r e n t .  I t  was 18 .38  gn f o r  
C 
h i g h  f e r t i l i t y  t r e a t m e n t s  and  15.39 gm f o r  low f e r t i l i t y  t r e a t m e n t s  
(SE 2 0.64 gm). I n t e r c r o p p i n g  sorghum w i t h  o t h e r  c r o p s  d i d  n o t  
r e d u c e  s i g n i f i c a n t l y  t h e  1000 g r a i n  w e i g h t  ( T a b l e  1 7 ) .  The sorghum 
y k l d  was q u i t e  low t h r o u g h o u t  t h e  e x p e r i m e n t  due  t o  poor  c r o p  s t a n d .  
The mean g r a i n  y i e l d  was 1659 kg/ha f o r  h i q h  f e r t i l i t y  t r e a t m e n t s  
and  742 kq/ha f o r  low f e r t i l i t y  t r e a t m e n t s  (SE f 93.5 kg). 


In t e rc ropp lna ,  sorghum w i t h  e i t h e r  pigeonpea o r  cowpea d l d  not  reii:~ce 
t h e  y i e l d  s i g n i f i c a n t l y .  The sorghum i n  sorghum/cowr~ej. I n t e r c r o p  
under low f e r t i l i t y  s i t u a t i o n  gave more y i e l d  than t h e  s o l e  c rop  yield. 
The i n t e r a c t i o n  e f f e c t s  between f e r t i l i t y  l e v e l  and cropping system 
were n o t  s i g n i f i c a n t .  
The amount of  fodde r  h a r v e s t e d  was r e l a t i v e l y  reduced by t h e  
in t e rc rop .931e  sorghum gave a  mean y!eld o f  1623 kg/ha,  i n t e r c r o p  
sorghum in sorghurn/cowpea, gave 1365 kg/ha and i n t e r c r o p  sorghum i n  
sorghurn/pigeonpea y i e l d e d  748 kg/hr, (SE - + 291kg) .  The t o t a l  d r y  m a t t e r  
a t  h a r v e s t  was a f f e c t e d  by f e r t i l i t y  l e v e l s  o n l y  g i v i n g  a mean of  3183 
kg/ha under h i g h  f e r t i l i t y  s i t u a t i o n s  and 2203 kq/ha under low f e r t i l i t y  
s i t u a t i o n s  (SE 2 191 kg /ha ) .  The i n t e r c r o p s  had no s i rqn i f i can t  e f f e c t s  
nor  t h e  i n t e r a c t i o n  e f f e c t s  between c ropp ing  system and t h e  f e r t i l i t y  
l e v e l  (Table  2 4 ) .  
4.2.5.  M i l l e t  
The ea rhead  weight  o f  m i l l e t  was a f f e c t e d  by t h e  f e r t i l i z e r  a p p l i a t i o n .  
Main e f f e c t s  be ing  12.4 gm and 8 .3  gm f o r  h i g h  and low f e r t i l i t y  
t r e a t m e n t s  r e s p e c t i v e l y  (SE 2 2.lgm) and by t h e  i n t e r c r o p  g i v i n g  a  mean 
weight  o f  14.2 gm, 7.03 gm and 8 .81  gm when in t e rc ropped  w i t h  p igeonpea,  
groundnut ,  and c a s t o r  r e s p e c t i v e l y  (SE 2 3 . 2 ) .  S o l e  m i l l e t  had an 
earhead weight  of 1 1 . 4 8 9 .  The i n t e r a c t i o n  e f f e c t s  were a l s o  s i g n i -  
f i c a n t  a t  5% l e v e l  (Tab le  2 5 ) -  
The nunber  o f  g r a i n s  p e r  e a r h e a d  were a l s o  a f f e c t e d  by t h e  
f e r t i l i z e r .  Main e f f e c t s  b e i n g  1998 g r a i n s  p e r  ea rhead  under h i q h  
f e r t i l i t y  s i t u a t i o n s  and 1208 g r a i n s  p e r  p a n i c l e  under  low f e r t i l i t y  
s i t u a t i o n s  (SE 2 363 g r a i n s ) .  S o l e  m i l l e t  had a mean o f  1768 g r a i n s  
p e r  e a r h e a d ,  and i n t e r c r o p p e d  m i l l e t  had 1500,  1066 and 2074 g r a i n s  p e r  
p a n i c l e  when i n t e r c r o p p e d  w i t h  c a s t o r ,  groundnut  and pigeonpea 
r e s p e c t i v e l y  (SE + 465 g r a i n s ) .  The 1000 g r a i n  weigh t  was no t  a f f e c t e d  
by e i t h e r  t h e  f e r t i l i t y  l e v e l  nor  by t h e  component c r o p  (Table  1 8 ) .  
The g r a i n  y i e l d  was a f f e c t e d  by b o t h  t h e  f e r t i l i t y  l e v e l ,  and 
t h e  i n t e r c r o p .  The f e r t i l i z e r  main e f f e c t  neans  were 1056 kg/ha a n d  577 
ky/ha under  h i g h  and low f e r t i l i t y  r e s p e c t i v e l y  (SE , 44 kcj/ha). S o l e  
m i l l e t  gave a mean y i e l d  o f  1159 kg/ha,  i n  pigeonpea i n t e r c r o p  715 kq/ha,  
i n  g roundnut  i n t e r c r o p  256 kg/ha and i n  c a s t o r  i n t e r c r o p  354 kg/ha 
(SE F 74 k g / h a ) .  The i n t e r a c t i o n  e f f e c t s  between f e r t i l i t y  l e v e l  
and c r o p p i n g  sys tem were a l s o  s i g n i f i c a n t  (Table  2 5 ) .  
Dry f o d d e r  y i e l d  was a f  f e c t e d  s i m i l a r l y  t o  g r a i n  y i e l d .  
The mean f o d d e r  y i e l d  a t  h i q h  f e r t i l i t y  s i t u a t i o n  was 3300 kg/ha and 
a t  low f e r t i l i t y  2400 kg/ha (SE f 365 k g / h a ) .  S o l e  m i l l e t  y i e l d e d  3742 
kg/ha, w h i l e  i n t e r c r o p p e d  m i l l e t  had a mean fodder  p r o d u c t i o n  o f  2322, 
1955 and 3380 kg/ha when i n t e r c r o p p e d  w i t h  c a s t o r ,  groundnut  and 
p igeonpea  r e s p e c t i v e l y  (SE + 329 k g / h a ) .  The i n t e r a c t i o n  e f f e c t s  
were n o t  s i g n i f i c a n t .  


The, mean t o t a l  d r y  m a t t e r  was 7000 kg/ha a t  h i g h  f e r t i l i t y  
and 4511 kg/ha a t  low f e r t i l i t y  s i t u a t i o n s  (SE t 4 2 4  k g / h a ) .  Sole 
m i l l e t  had a  t o t a l  d r y  m a t t e r  p r o d u c t i o n  o f  5756 kg/ha and i n t e r c r o p p e d  
m i l l e t  had 3168,  2507, and 4703 kg/ha when i n t e r c r o p p e d  w i t h  c a s t o r ,  
g roundnut  and  p igeonpea  r e s p e c t i v e l y  (SE 5 382 k g / h a ) .  The i n t e r a c t i o n  
e f f e c t s  were n o t  s i g n i f i c a n t  (Table  2 5 ) .  The f o d d e r  y i e l d  a n d  t o t a l  
d r y  m a t t e r  f o r  m i l l e t  i n t e r c r o p p e d  w i t h  g roundnut  were low due t o  
two main r e a s o n s :  
1. The m i l l e t  c r o p  was poor  due  t o  poor  m i l l e t  g e r m i n a t i o n ;  
and 
2 .  T h i s  b e i n g  a r e p l a c e m e n t  s e r i e s ,  t h e r e  was o n l y  one  t h i r d  
s o l e  m i l l e t  p o p u l a t ~ o n .  
4 . 5 . 3  Groundnut 
Among t h e  groundnut  y i e l d  components ,  it was o n l y  t h e  
number o f  pods  p e r  p l a n t  t h a t  was a f f e c t e d  s i g n i f i c a n t l y  by t h e  
i n t e r c r o p s  (Table  1 9 ) .  S o l e  g roundnut  had 1 1 . 8  pods  p e r  p l a n t ,  
and when i n t e r c r o p p e d  w i t h  m i l l e t  and p igeonpea  had 7 .8  and 
8 . 2  pods  p e r  p l a n t  r e s p e c t i v e l y  (SE 2 1 .2  p o d s ) .  The f e r t i l i t y  
l e v e l  had no s i g n i f i c a n t  e f f e c t  and t h e  mean was 9 . 3  pods p e r  p l a n t  f o r  
b o t h  f e r t i l i t y  l e v e l s .  The o v e r a l l  mean number o f  k e r n e l s  p e r  pod were 
1 .3  and t h e  mean k e r n e l  w e i g h t  0 .27 grams. Both o f  them were n o t  
a f f e c t e d  by e i t h e r  f e r t i l i t y  l e v e l  o r  t h e  i n t e r c r o p  ( T a b l e  1 9 ) .  


The pod y i e l d  p e r  h e c t a r e  was s i g n i f i c a n t l y  a f f e c t e d  by t h e  
i n t e r c r o p  b e i n g  615,  410 and 415 kg/ha (SE + 49 kg/ha) f o r  s o l e  g roundnut ,  
g roundnut  i n t e r c r o p p e d  w i t h  m i l l e t  and pigeonpea r e s p e c t i v e l y .  The 
f e r t i l i z e r  were n o t  s i g n i f i c a n t ,  b u t  t h e  i n t e r a c t i o n  e f f e c t s  between 
f e r t i l i t y  l e v e l  and t h e  component c r o p  were significant (Table  2 6 ) .  
The d r y  hulms y i e l d  mean was 1122 kq/ha and t h e  t o t a l  d r y  
m a t t e r  mean was 1605 kg/ha. Both of  t h e s e  were n o t  a f f e c t e d  by e i t h e r  
t h e  f e r t i l i t y  l e v e l  o r  t h e  i n t e r c r o p  o r  t h e i r  i n t e r a c t i o n .  
4.5.4 Pigeonpea 
The number o f  s e e d s  p e r  pod and 1000-seed weigh t  were n u t  
a f f e c t e d  s i g n i f i c a n t l y  by  e i t h e r  t h e  f e r t i l i t y  l e v e l  o r  t h e  i n t e r c r o p .  
The a v e r a g e  was 2 s e e d s  p e r  pod,  and 78 gms p e r  100 gms.  However, 
t h e  number o f  pods p e r  p l a n t  were s i g n i f i c a n t l y  a f f e c t e d  by bo th  t h e  
f e r t i l i t y  l e v e l ,  t h e  component c r o p  and by t h e i r  i n t e r a c t i o n  (Table  
2 0 ) .  The means f o r  h i g h  and low f e r t i l i t y  s i t u a t i o n s  were 8 5  and 51 
p o d s / p l a n t  r e s p e c t i v e l y  (SE 2 0 . 9 3 ) .  I n  c a s e  o f  s o l e  pigeonpea,  it 
had a  mean o f  45.9 p o d s / p l a n t ,  91.68,  56.61 and 78.33 p o d s / p l a n t  when 
i n t e r c r o p p e d  w i t h  sorghum, m i l l e t  and groundnut  r e s p e c t i v e l y  ( S E  2 8 .3  
p o d s ) .  
The g r a i n  y i e l d  o f  pigeonpea was a l m o s t  t h e  same among t h e  
d i f f e r e n t  c r o p p i n g  sys tems  (650 k g / h a ) .  There was no s i g n i f i c a n t  
d i f f e r e n c e  between t h e s e  means. However, t h e  d i f f e r e n c e  i n  g r a i n  
y i e l d  between h i g h  and low f e r t i l i t y  means, 730 kg/ha and 588 kg/ha 


r e s p e c t i v e l y  (SE+97 kg/ha)  was s t a t i s t i c a l l y  s i g n i f i c a n t  (Table  2 7 ) .  
Wi th in  h i g h  f e r t i l i t y  t r e a t m e n t s  s o l e  p igeonpea  had t h e  maximum y i e l d  
1023 kg /ha ,  f o l l o w e d  b y  p igeonpea  i n  pigeonpea/groundnut  i n t e r c r o p  
708 kg/ha. However, under  low f e r t i l i t y  pigeonpea i n  pigeonpea/sorqhun 
i n t e r c r o p  had t h e  maximum y i e l d  o f  681 kg/ha,  w h i l e  t h a t  i n  piyeonpea/  
g roundnut  i n t e r c r o p  had t h e  l e a s t  375 kg/ha.  T h i s  i s  t h e  d i f f e r e n c e  
from what would b e  e x p e c t e d  i n  t h e  legume-legume i n t e r c r o p ,  a s  t h e r e  
would be  no c o m p e t i t i o n  f o r  n i t r o g e n  s i n c e  b o t h  c r o p s  a r e  a b l e  t o  
f i x  n i t r o g e n .  Hence some o t h e r  f a c t o r s  might  b e  e x p e c t e d .  
4 . 5 . 5  Cowpea 
The mean number of  s e e d s  p e r  pod and t h e  1000-seed weigh t  
were n o t  a f f e c t e d  by t h e  f e r t i l i t y  l e v e l  n o r  by t h e  sorqhun  i n t e r c r o p .  
Cowpea under  h i g h  f e r t i l i t y  t r e a t m e n t  p roduced  5.4 p o d s / p l a n t  and 
under  low f e r t i l i t y  4.6 pods  p e r  p l a n t  ( S E V . 8 6  p o d s / p l a n t ) .  However, 
t h e  i n t e r a c t i o n  e f f e c t s  between f e r t i l i t y  l e v e l  and c r o p p i n g  sys tem 
were s i g n i f i c a n t .  Wi th in  e a c h  f e r t i l i t y  l e v e l ,  t h e r e  was a  s i g n i f i c a n t  
d i f f e r e n c e  between s o l e  and  i n t e r c r o p p e d  cowpea i n  t h e  r ~ u n b e r  o f  pods 
p e r  p l a n t  (SE t 0 . 65 ) .  I n  t h e  i n t e r c r o p p e d  cowpea, t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  between low and h i g h  f e r t i l i t y ,  b u t  i n  s o l e  
cowpea, th'e d i f f e r e n c e  was s i g n i f i c a n t  (SEt0.98)  ( T a b l e  2 1 ) .  
The g r a i n  y i e l d ,  f o d d e r  y i e l d  were a l l  r educed  s i g n i f i c a n t l y  
by t h e  sorghum i n t e r c r o p ,  b u t  were n o t  a f f e c t e d  by  t h e  f e r t i l i t y  l e v e l s .  
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S o l e  cowpea y i e lded  416 kg/ha whi le  i n t e rc ropped  cowpea y ie lded about 
h a l f  o f  s o l e  y i e l d ,  248 kg/ha (SE 2 55 kg/ha) (Table 28 ) .  The low 
cowpea y i e l d s  were due t o  t h e  a t t a c k  by stem f l y  (Melanocjromyza s p p . )  
a l r e a d y  mentioned. 
4.5.6 Mungbean 
The number o f  pods pe r  p l a n t  axid 1000 seed weight were not  
a f f e c t e d  b y ~ i t h e r  t h e  f e r t i l i t y  l e b c l  nor by in t e rc ropp ing  wi th  c a s t o r .  
The number of seeds  pe r  pod were 8.5 and 8 . 8  f o r  s o l e  and in tercropped 
mungbean r e s p e c t i v e l y  CSE 2 0 .25) ;  9 and 8.4 f o r  h igh  and low f e r t i l i t y  
s i t u a t i o n s  r e s p e c t i v e l y  ( S E s . 2 5 ) .  The two main e f f e c t s  were not  
s t a t i s t i c a l l y  s i g n i f i c a n t ,  b u t  t h e i r  i n t e r a c t i o n  e f f e c t s  were. For 
s o l e  mungbean, t h e r e  was no d i f f e r e n c e  between low anc? h iqh f e r t i l i t y  
t r e a t m e n t s  (8 .5  and 8 .6  seeds/pod,  SE i 0.461,  b u t  t h e r e  was a slgnifl- 
c a n t  d i f f e r e n c e  f o r  i n t e rc ropped  mungbean. Under h igh  f e r t i l i t y  
s i t u a t i o n s ,  i n t e rc ropped  mungbean had more number of seeds/pod than 
s o l e  mungbean, and t h e  r e v e r s e  was t r u e  under low f e r t i l i t y  t r ea tmen t s  
(Table  27 ) .  
The g r a i n  y i e l d  was n o t  a f f e c t e d  b y m i t h e r  t h e  c a s t o r  i n t e r -  
c r o p  <or t h e  f e r t i l i t y  l e v e l .  The g r a i n  y i e l d  means were 227 kg/ha f o r  
/ 
h igh  f e r t i l i t y  t r e a t m e n t s  and 204 kg/ha f o r  low f e r t i l i t y  t r ea tmen t s  
( S E  2 22 kg/ha) .  S o l e  mungbean had a  mean y i e l d  of 221 kg/ha and 
in t e rc ropped  mungbean a  mean y i e l d  o f  211 kg/ha (SE 2 47 kg) (Table 29) . 
Dry fodder  y i e l d  was n o t  a f f e c t e d  by e i t h e r  t h e  f e r t i l i t y  
l e v e l  o r  by i n t e r c r o p p i n g  wi th  c a s t o r .  
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4.5.7 Cas tor  
The number o f  racemes pe r  p l a n t  were n o t  a f f e c t e d  s i g n i f i c a n t l )  
by e i t h e r  t h e  f e r t i l i t y  l e v e l  o r  by t h e  cropping system, bu t  t h e  
i n t e r a c t i o n  e f f e c t s  were s i g n i f i c a n t .  Cas tor  in tercropped mungbean 
had t h e  maximum number o f  racemes ( 4 . 5  racemes/plant)  under h igh  
f e r t i l i t y ,  fol lowed by s o l e  c a s t o r  w i th  3 racemes/plant  and c a s t o r  
i n t e rc ropped  wi th  m i l l e t  2.7 racemes p e r  p l a n t  (SE 0 .69 ) .  The 
number o f  capsules / racm.a  was n o t  a f f e c t e d  by t h e  f e r t i l i t y  l e v e l  o r  
by i n t e r c r o p p i n g  (Table 23 ) .  
The c a s t o r  y i e l d  was s ign i f i can t ly  a f f e c t e d  by t h e  f e r t i l i z e r  
m w - - e f f e c t s  and by in t e rc ropp ing .  The mean y i e l d  was 1140 and 711 
kgfha f o r  h igh  and low f e r t i l i t y  t r e a t m e n t s  r e s p e c t i v e l y  (SE + 104 
kg/ha);  1277, 1579 and 921 kq/ha f o r  s o l e  c a s t o r ,  c a s t o r  i n t e rc ropped  
wi th  m i l l e t  and mungbean r e s p e c t i v e l y  (SE 2 e8 kg/ha).  The i n t e r a c t i o n  
e f f e c t s  were n o n s i g n i f i c a n t  (Table  3 0 ) .  
4 .5 .8  Yie ld  o f  r a toon ,  s e q u e n t i a l  and r e l a y  c rops  
The y i e l d s  o f  ra toonn,  s e q u e n t i a l  and r e l a y  c rops  a r e  shown 
in Table  31. 
Ra toon  sorghum gave a  mean g r a i n  y i e l d  o f  510 kg/ha under 
h i g h  f e r t i l i t y  and 323 kg/ha under low f e r t i l i t y  t r ea tmen t s .  This  
was 28% and 42% o f  t h e  main c r o p  y i e l d  f o r  h igh  and low f e r t i l i t y  
t r e a t m e n t s  r e s p e c t i v e l y .  


Table 31. Grain yield of rabi crops 
Crop 
Ratoon sorghum 
Sequential horsegram 
Sequential cowpea 
Relay castor 
Grain yield (kg/ha) 
HF LF 
S e q u e n t 2  horsegram gave a mean y i e l d  o f  1012 kg/ha under h igh  
I \ ?  
f e r t i l i t y  t r ea tmen t  and 800 kg- under low f e r t i l i t y  s i t u a t i o n s .  
;:" 
Sequen t i a l  cowpea produced a  g r a i n  y i e l d  o f  3-17 kg/ha under h igh  
f e r t i l i t y  and 657 kg/ha under low f e r t i l i t y .  
Relay c a s t o r  y i e lded  404 kg/ha o f  d r y  beans under high 
f e r t i l i t y  and 314 kg/ha under lower f e r t i l i t y  t rea tments .  
4.6 Land e q u i v a l e n t  r a t i o  (LER) 
The l and  e q u i v a l e n t  r a i o s  f o r  t h e  d i f f e r e n t  i n t e rc ropp ing  
systems a r e  shown i n  Table  32 and F ig  11. 
The mean LER was g e n e r a l l y  h ighe r  under low f e r t i l i t y  
t r ea tmen t s  a s  compared t o  h igh  f e r t i l i t y  t r ea tmen t s .  
Sorghum/pigeonpea and muqnbean/cast3r k t e r c r o p s  gave t h e  
h i g h e s t  mean LER, bo th  gave a  LER o f  1 .77 ,  whi le  m i l l e t / c a s t o r  gave 
t h e  lowest  (0 .86) .  The d i f f e r e n t  LER means were s i g n i f i c a n t l y  
d i f f e r e n t  (SE + 0.29) .  The sorghum/pigeonpea i n t e r c r o p  under low 
f e r t i l i t y  gave a  LER 1.94 o f  which 1 .3  was c o n t r i b u t e d  by pigeonpea 
(F ig  11). The c o n t r i b u t i o n  o f  pigeonpea was o n l y  0.9 under h igh  
f e r t i l i t y .  
I n  mungbean/castor i n t e r c r o p ,  mungbean c o n t r i b u t e d  1.0 of t h e  
t o t a l  LER o f  1.77. Th i s  i n d i c a t e s  t h a t  mungbean was a b l e  t o  compensate 
and y i e lded  as much a s  t h e  s o l e  c rop ,  a l though  it was a t  50% of  t h e  
s o l e  popu la t ion .  
Table  3 2 .  Land E q u i v a l e n t  R a t i o s  (LER) f o r  t h e  d i f f e r e n t  
i n t e r c r o p p i n g  sys tems  
High f e r t i l i t y  Low f e r t i l i t y  
LER of LER o f  T o t a l  1.ER of L E R  o f  T o t a l  Overal  
Cropping Systems Crop 1  Crop 2 I.ER Crop 1 Crop 2 I.ER Mean 
I.ER 
Mean 
S . E .  
S . E . l ( C  x F) 
S . E . -  IC x FI 
C.V. 26 
Fig. 11. Land equ iva len t  r a t i o s  (LER) f o r  t h e  d i f f e r e n t  in te rc ropp ing  systems. 
High f e r t i l i t y .  
Low f e r t i l i t y  
Sorghum/ Elungbeanl Sorghum/ Mi l l e t l  Pigeonpea/ Mi ] l e t /  Mi 1 l e t /  
p i  geonpea castor cowpea pigeonpea groundnut groundnut castor 
IA sorghum/cowpea, t h e  sorghum c o n t r i b u t i o n  was 0.81 and 0.84 
under h igh  and low f e r t i l i t y  t r ea tmen t s  r e s p e c t i v e l y ,  t h i s  be ing about  
one-half o f  the t o t a l  LER. 
I n  mi l le t /p igeonpea  i n t e r c r o p ,  t h e  m i l l e t  LER was 0.7 under 
bo th  f e r t i l i t y  l e v e l s  and pigeonpea c o n t r i b u t e d  0.65 and 1.17 under h igh  
and low f e r t i l i t y  r e s p e c t i v e l y .  
I n  te rms of y i o i d  advantage,  sorghum/pigeonpea and mungbean/ 
c a s t o r  had t h e  maximum of  77%. Millet /groundnut had no advantage i n  
t h i s  experiment c o n t r a r y  t o  what h a s  been r epor t ed  (Reddy e t  a l ,  1 9 8 2 ) .  
M i l l e t / c a s t o r  a l s o  had no y i e l d  advantage.  
4.7 N e t  r e t u r n s  
Net r e t u r n s  were c a l c u l a t e d  us ing  t h e  fo l lowing formular 
Net r e t u r n  = Gross r e t u r n s  - v a r i a b l e  c o s t .  The g ross  
r e t u r n  i s  t h e  product  o f  y i e l d  and t h e  o u t p u t  p r i c e .  The p r i c e s  o f  
t h e  v a r i o u s  y i e l d s  a r e  shown i n  Appendix 111. The v a r i a b l e  c o s t  
inc luded t h e  c o s t  o f  s eeds ,  f e r t i l i z e r  p e s t i c i d e s  and l a b o r  charges ,  
@ shown i n  Appendix I V .  
The n e t  r e t u r n s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  between low and 
h igh  f e r t i l i t y  l e v e l s  ( F i g  121, bu t  t h e  n e t  r e t u r n  means were s i q n i f i -  
c a n t  f o r  t h e  d i f f e r e n t  c ropping systems (SE 5 Trs 488) (Table 33). 
Table 33. Net returns in Rupees/ha for the different cropping systems 
Cropping systems High Low Mean SE of 
fertility fertility mean 
Mungbean + relay castor -170 324 7 6 
Millet + sequential 
horsegram 2277 1783 2030 
Millet + sequential cwwpea 2891 2633 2762 
Sorghum + ratoon sorghum 1627 403 1015 
Sole pigeonpea 1810 2223 2017 
Sole groundnut 1087 692 8 90 
Sole cowpea .I18 4 6 8 2 
Sole castor 3113 2485 2799 
Mean 1772 1406 1589 
S E  of mean 154 
SEl for comparing different cropping systems at the same fertility level 
+ 634 
- 
SE2 for comparing the 2 fertility levels at the same cropping systems 2 631 

m g b e a n  + r e l a y  c a s t o r  under h igh  f e r t i l i t y  t r ea tmen t s  had 
a  nega t ive  n e t  r e t u r n ,  a s  bo th  y i e l d s  were very  low and could not  cover  
t h e  c o s t  o f  i npu t s .  
SE o f  comparing between cropping  systems a t  t he  same f e r t i l i t y  
l e v e l  + R s  634; SE o f  comparing two f e r t i l i t y  l e v e l s  a t  t h e  same o r  
d i f f e r e n t  c ropping  systems 631. 
Cowpea under bo th  f e r t i l i t y  l e v e l s  had a l s o  a  very  low n e t  
r e t u r n s  due t o  poor y i e l d .  
The i n t e r a c t i o n  e f f e c t s  were n o t  s i g n i f i c a n t .  
DISCUSSION AND CONCLUSION 
DISCUSSION AND CONCLUSIONS 
5.1 Light i n t e r c e p t i o n  
Fas t  growing crops  l i k e  m i l l e t  and cowpea were ab le  t o  
i n t e r c e p t  more l i g h t ,  and they  more o r  l e s s  dominated t h e  o the r  
crops  i n  t h e  i n t e r c r o p .  Thus dur ing t h e  f i r s t  l i g h t  measurement 
(35 days a f t e r  emergence), s o l e  cowpea was i n t e r c e p t i n g  t h e  maximum 
r\ 
amount of l i g h t ,  followed by s o l e  m i l l e t  and sorghum/cowpea i n t e r c r o p .  
Af te r  t h e  h a r v e s t  o f  one o f  t h e  component crops  i n  t h e  
i n t e r c r o p ,  l i g h t  i n t e r c e p t i o n  dropped down s i g n i f i c a n t l y .  Except i n  
pigeonpea based cropping systems, t h e  l i g h t  i n t e r c e p t i o n  i n  t h e  o t h e r  
cropping systems cont inued t o  dec l ine .  This  i s  because most o f  t h e  
crops  had s t a r t e d  t o  mature. However, i n  case  o f  pigeonpea,  a f t e r  
t h e  ha rves t  o f  sorghum, m i l l e t  and groundnut, competi t ion was reduced 
and pigeonpea canopy inc reased  and by f lower ing t ime,  i t  was a b l e  t o  
i n t e r c e p t  a s  much a s  90% o f  incoming r a d i a t i o n .  The l i g h t  i n t e r c e p t i o n  
i n  s o l e  pigeonpea was h ighe r  under low f e r t i l i t y  than under h igh 
f e r t i l i t y .  Th i s  according t o  S t e i n e r  (1982) i s  because n i t rogen  f e r t i -  
l i z e r  reduces  rhizobium a c t i o n  and has a  r e t a r d i n g  e f f e c t  on growth. 
Peak va lues  of l i g h t  i n t e r c e p t i o n  were obta ined mostly from 
s o l e  crops .  In f a c t ,  Natara jan  and Wil ley  (1980a, b) demonstrated 
t h a t  90% peak l i g h t  i n t e r c e p t i o n  o f  sorghum/pigeonpea i n t e r c r o p  was 
n e a r l y  i d e n t i f a 1  t o  s o l e  sorghum. In  t h i s  experiment,  a l l  i n t e r -  
c rops  under low f e r t i l i t y  i n t e r c e p t e d  more l i g h t  than  t h e  s o l e  c rops ,  
bu t  under h i g h  f e r t i l i t y ,  s o l e  c r o p  l i k e  m i l l e t  were a b l e  t o  i n t e r c e p t  
a s  much a s  t h e  i n t e r c r o p s .  
The i n t e r c r o p p i n g  systems having long d u r a t i o n  crops  were 
a b l e  t o  i n t e r c e p t  more l i g h t  and f o r  a  longer  t ime .  In  f a c t ,  t h e i r  
l i g h t  i n t e r c e p t i o n  cu rves  a r e  bimodal. For example, mi l l e t /p igeonpea  
(F ig  10) .  The f i r s t  peak o c c u r r i n g  a t  50% a f t e r  emergence involved 
m i l l e t  whi le  a  second peak a t  125 days involved pigeonpea.  This  
l i g h t  i n t e r c e p t i o n  t r e n d  i s  e v i d e n t  i n  both  f e r t i l i t y  l e v e l s .  The 
s i t u a t i o n  i s  q u i t e  d i f f e r e n t  when s h o r t  d u r a t i o n  c rops  a r e  involved.  
T h e i r  l i g h t  i n t e r c e p t i o n  curve  was unimodal, e . g .  sorgh~un/cowpea 
i n t e r c r o p  (Fig  6 ) .  T h i s  shows t h a t  t h e  long d u r a t i o n  c rops  a r e  
more e f f i c i e n t  i n  u t i l i z i n g  t h e  s o l a r  r a d i a t i o n  over  a  long p e r i o d  
o f  t ime ( s o l a r  r a d i a t i o n  cannot  be s t o r e d ) .  This  e f f e c t s  were 
c l e a r l y  e v i d e n t  i n  t h e  LER and a l s o  i n  n e t  r e t u r n s .  
The amount o f  l i g h t  i n t e r c e p t e d  was a f f e c t e d  by s e v e r a l  
f a c t o r s :  
1. The c rop  s t a n d  determined t h e  amount l i g h t  i n t e r c e p t e d .  
For example, t h e  m i l l e t  i n  m i l l e t / c a s t o r  i n t e r c r o p  had a 
poor germinat ion and t h e  crop s t a n d  was a l s o  poor ,  and as  
a  consequence t h e  amount of l i g h t  i n t e r c e p t e d  was ve ry  low. 
2 .  There  was c o n s i d e r a b l e  m o i s t u r e  s t r e s s  around t h e  6 5 t h  day 
a f t e r  emergence when l i g h t  i n t e r c e p t i o n  d e c l i n e d  d r a s t i c a l l y  
The p l a n t s  w i l t e d  and hence were n o t  a b l e  t o  i n t e r c e p t  more 
l i g h t .  
3 .  The f e r t i l i t y  l e v e l  a s  e x p e c t e d  a f f e c t e d  t h e  l i g h t  i n t e r c e p t i o n .  
Under low f e r t i l i t y ,  t h e  c r o p  growth was p o o r ,  hence t h e  l i g h t  
i n t e r c e p t i o n  was q u i t e  low and under  h i g h  f e r t i l i t y  w i t h  a  
b e t t e r  c r o p  growth ,  t h e  amount o f  l i g h t  i n t e r c e p t e d  was more. 
T h i s  was d i f f e r e n t  i n  c a s e  o f  s o l e  p igeonpea ,  which i n t e r c e p t e d  
more l i g h t  under  low f e r t i l i t y  t h a n  under  h i g h  f e r t i l i t y .  
4 .  I n c i d e n c e  o f  d i s e a s e s  and p e s t s  i n  some c r o p s  a l s o  reduced  t h e  
amount o f  l i g h t  i n t e r c e p t e d .  T h i s  happened i n  t h e  c a s e  o f  
cowpea which was a f f e c t e d  by s tem f l y  (Melanogromyza s p p . )  
and a l s o  i n  groundnut;  a f f e c t e d  by l e a f s p o t .  
5 . 2  Y i e l d  
The y i e l d  o f  d i f f e r e n t  c r o p s  was s i g n i f i c a n t l y  a f f e c t e d  by 
t h e  f e r t i l i t y  l e v e l .  Throughout  t h e  whole e x p e r i m e n t ,  t h e  y i e l d  o f  
d i f f e r e n t  c r o p s  u n d e r  h i g h  f e r t i l i t y  was a l m o s t  t w i c e  t h a t  under  low 
f e r t i l i t y ,  r e g a r d l e s s  o f  whether  t h e  c r o p  i s  i n t e r c r o p p e d  o r  s o l e .  
I n t e r c r o p p i n g  d i d  n o t  seem t o  r e d u c e  t h e  y i e l d  s i g n i f i c a n t l y  
and t h e  y i e l d s  f o r  s o l e  c r o p s  were n o t  v e r y  much d i f f e r e n t  from t h e  
y i e l d s  under  i n t e r c r o p p i n g  f o r  e a c h  c r o p .  T h i s  a g r e e s  w i t h  Rao (1980) 
who r e p o r t e d  t h a t  it i s  p o s s i H e  t o  grow i n t e r c r o p s  a t  s o l e  c r o p  p o p u l a -  
t i o n s  w i t h o u t  a f f e c t i n g  t h e  y i e l d  s e v e r e l y .  
The y i e l d s  o f  t h e  d o u b l e  c r o p p i n g  s y s t e m s  were q u i t e  h i g h  
e x c e p t  f o r  r e l a y  c a s t o r .  The s e q u e n t i a l  cowpea y i e l d e d  much more 
t h a n  t h e  k h a r i f  cowpea. This shows t h a t  t h e r e  i s  a  p o s s i h i l i t y  o f  
e x t e n d i n g  t h e  c r o p p i n g  season beyond t h e  monsoon s e a s o n .  
5 .3  Land E q u i v a l e n t  R a t i o  (LER) 
T h i s  i s  a n  i n d i c a t i o n  o f  t h e  y i e l d  a d v a n t a g e  o b t a l n e d  by 
i n t e r c r o p p i n g  a s  compared t o  s o l e  c r o p p i n g  (Flead and W i l l e y ,  1 9 7 9 ) .  
Most of  t h e  i n t e r c r o p p i n g  s y s t e m s  have  h i g h e r  y i e l d  a d v a n t a g e  a t  
b o t h  f e r t i l i t y  l e v e l s  a l t h o u g h  t h e  y i e l d  a d v a n t a g e  was c o n s t a n t l y  
h i g h  u n d e r  low f e r t i l i t y  t h a n  u n d e r  h i g h  f e r t i l i t y  ( F i g  1 1 ) .  'This 
a g r e e s  w i t h  r e s u l t s  o b t a i n e d  by Reddy e t  a 1  ( 1 9 8 2 ) G S t e i n e r  (1982). 
S t e i n e r  g i v e s  two r e a s o n s  why L E R s  a r e  low under  h i g h  f e r t i l i t y ,  
p a r t i c u l a r l y  f o r  legume/non-legume i n t e r c r o p s .  
1. Legume y i e l d s  d e c r e a s e  s h a r p l y  b e c a u s e  o f  t h e  s h a d i n g  o f  t h e  
dominant  non-legume c r o p .  
2 .  N i t r o g e n o u s  f e r t i l i z e r s  h a v e  a n e g a t i v e  i n f l u e n c e  on s y m b i o t i c  
n i t r o g e n '  f i x a t i o n .  
Another r e a s o n  i s  t h a t  i n i t i a l  y i e l d  i n c r e a s e  due t o  
n i t r o g e n  f e r t i l i z e r  o f  c e r e a l s  i n t e r c r o p p e d  w i t h  legumes a r e  much 
l e s s  t h a n  t h e  i n c r e a s e s  i n  s o l e  cropped c e r e a l s  because y i e l d s  o f  
i n t e r c r o p p e d  c e r e a l s  a r e  a l r e a d y  h i g h e r  a t  0-N than  t h o s e  o f  s o l e  
c r o p s  ( S t e i n e r ,  1982).  Sorghum/pigeonpea and mungbean/castor gave 
a  mean y i e l d  advantage  o f  77%. T h i s  h i g h  y i e l d  advantage was due t o  
h i g h  y i e l d  o f  pigeonpea i n  t h e  sorghum/pigeonpea i n t e r c r o p .  In c a s e  
o f  mungbean/castor i n t e r c r o p ,  mungbean grew and matured before  c a s t o r  
was a b l e  t o  g i v e  any compet i t ion  and t h e  c a s t o r  grew without  any 
c o m p e t i t i o n  from t h e  mungbean. Thus bo th  c r o p s  grew almost  a s  s o l e  
c r o p s  and hence t h e  h i g h  y i e l d  advantage.  
I n  f a c t ,  t h e  i n t e r c r o p p i n g  systems t h a t  involved  long  
d u r a t i o n  c r o p s  were t h e  ones  t h a t  had t h e , h i g h e s t  n e t  r e t u r n s  a t  both 
f e r t i l i t y  l e v e l s .  Thus, sorghum/pigeonpea i n t e r c r o p  had a  n e t  r e t u r n  
o f  R s  2696/ha, a s  compared t o  sorghun/cowpea which had o n l y  a  n e t  
r e t u r n  o f  R s  599/ha. One o f  t h e  c o n t r i b u t i n g  f a c t o r s  i s  t h a t  t h e  
i n t e r c r o p p i n g  hav ing  long  d u r a t i o n  c r o p s  i n t e r c e p t e d  l i g h t  f o r  a  long t ime  
( F i g  10)  and a l s o  was a b l e  t o  u t i l i z e  t h e  r e s i d u a l  mois tu re  and t h i s  
r e s u l t e d  i n  r e l a t i v e l y  h i g h  y i e l d s .  
Mi l le t /g roundnut  i n t e r c r o p  d i d  n o t  g i v e  any y i e l d  advantage ,  
and t h i s  i s  c o n t r a r y  t o  p u b l i s h e d  d a t a  (Rao, 1980; Reddy and Willey, 
1981).  The m i l l e t  c o n t r i b u t i o n  was v e r y  low because o f  very  poor  
c r o p  s t a n d  a l r e a d y  ment ioned  i n  s e c t i o n  5 .5 .  The same problem 
a f f e c t e d  t h e  m i l l e t / c a s t o r  i n t e r c r o p .  
5.4 Net r e t u r n s  
The n e t  r e t u r n s  were c o m p a r a t i v e l y  h i g h e r  under  h i g h  f e r t i l i t y  
t h a n  u n d e r  low f e r t i l i t y ,  b u t  t h e  d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  Among h i g h  f e r t i l i t y  t r e a t m e n t s ,  g roundnut /p igeonpea  
i n t e r c r o p  and s o l e  c a s t o r  gave t h e  h i g h e s t  n e t  r e t u r n s  (more t h a n  
R s  3000/ha) .  Under low f e r t i l i t y  t r e a t m e n t s ,  m i l l e t / p i g e o n p e a ,  m i l l e t +  
s e q u e n t i a l  cowpea gave  t h e  h i g h e s t  r e t u r n s  (Rs 2500/ha) .  
Among t h e  i n t e r c r o p  s y s t e m s ,  t h e  sys tem whlch had h i g h  y i e l d  
a d v a n t a g e  (1,ER) a l s o  gave  h i g h  n e t  r e t u r n s .  Thus,  sorghwn/p igeonpea ,  
m i l l e t / p i g e o n p e a ,  g r o u n d n u t / p i g e o n p e a ,  mungbean/cas tor ,  a l l  h a v i n g  a 
y i e l d  a d v a n t a g e  o f  more t h a n  50% had mean n e t  income o f  more t h a n  
R s  2500 ( F i g  1 1  and 1 2 ) .  Mi l le t /g roundnut  and m i l l e t / c a s t o r  b o t h  o f  
which had  low y i e l d  a d v a n t a g e ,  a l s o  had low n e t  income. 
'The r e l a y  c r o p p i n g  o f  c a s t o r  i n  mungbean gave  a  n e g a t i v e  
n e t  income under  h i g h  f e r t i l i t y .  T h i s  i s  m a i n l y  because  t h e  r e l a y  
c a s t o r  had v e r y  low y i e l d .  The p l a n t s  were v e r y  s h o r t  compared t o  
t h e  k h a r i f  c r o p  and a l s o ,  t h e i r  racemes were v e r y  s m a l l .  
The response to high fertilizer application was not very high 
and as a consequence the cost of fertilizer reduced the net income 
significantly. Also, while planting the relay castor, there was much 
damage to the mungbean and this might have resulted in the low mungbean 
yields. 
The sequential cropping gave good net returns. This is 
because both the kharif millet had a good yield and also the sequential 
cowpea and horsegram had good yields. Although the sequential crops 
grew with only 102 mm of rainfall, it had good distribution and the crops 
grew without any competition unlike the intercrops. This shows that 
in good rainfall distribution years it might be possible to grow a 
second crop successfully and get as much net returns as in intercrops. 
Except for sole castor and sole pigeonpea, the sole crop net 
returns were very low. This indicates why intercropping is still a 
better cropping system compared to sole cropping. 
5.5 Operational scale evaluation 
One of the objectives of this experiment was to find out 
the feasibility& different cropping systems on an operational scale. 
Most of the observations made regarding this objective were qualitative 
rather than quantitative hence no statistical analysis could be carried 
out. The observations and conclusions are listed below: 
1. I t  was p o s s i b l e  t o  f i n d  o u t  t h e  p r a c t i c a b i l i t y  and f e a s i h i l ~ t y  
o f  c a r r y i n g  sowing of  a l l  t h e  c rops  us ing  t h e  b u l l o c k  drawn 
implements with t h e  farmers  use .  The use  o f  t h e  l a r g c  p l o t s  
f a c i l i t a t e d  t h i s  o b s e r v a t i o n .  
2 .  Some cropping  sys tems  t h a t  have proved f e a s i b l e  under small  
s c a l e  exper iments  were found n o t  t o  be a s  advantageous a s  a l r e a d y  
r e p o r t e d .  For example, i n  c a s e  o f  m i l l e t / g r o u n d n u t  i n t e r c r o p ,  
y i e l d  advantage  o f  60% have been r e p o r t e d  (Rao, 1980) .  However, 
when p u t  under  o p e r a t i o n a l  e v a l u a t i o n  t h e r e  was no y i e l d  advantage  
mainly because o f  poor  m i l l e t  s t a n d .  I t  was d i f f i c u l t  t o  m a i n t a i n  sow- 
i n g  d e p t h s  when m i l l e t  and groundnut were p l a n t e d  a s  an i n t e r c r o p ,  
and t h e  m i l l e t  was sown a s  deep a s  t h e  groundnut r e s u l t i n g  i n  
poor  germina t ion .  
3 .  Another c ropping  system t h a t  was n o t  f e a s i b l e  was r e l a y  c ropping .  
I t  was found t h a t  w h i l e  do ing  t h e  r e l a y  sowing,  most o f  t h e  mungbean 
p l a n t s  were d e s t r o y e d ,  e i t h e r  by b e i n g  uprooted  o r  t h e  pods s h a t t e r e d .  
Ratooning a l t h o u g h  it proved t o  be  economica l ly  remunera t ive  
had a  l o t  o f  problems w h i l e  c u t t i n g  t h e  s t u b b l e s .  The p l a n t s  were 
g e t t i n g  uprooted  and more t i m e  t h a n  n e c e s s a r y  was used  t o  complete  
t h e  r a t o o n i n g .  
C o n t r a r y  t o  some p u b l i s h e d  work t h a t  it i s  n o t  p o s s i b l e  t o  
mechanize i n t e r c r o p p i n g ,  i t  was found t h a t  f o r  most i n t e r c r o p s  it was 
p o s s i b l e  t o  sow a l l  t h e  i n t e r c r o p s  wi thout  much problem. 
CONCLUSIONS 
1. I t  i s  more economical  t o  grow i n t e r c r o p s  t h a n  s o l e  c rops .  
Among t h e  i n t e r c r o p s ,  sorghum/pigeonpea, m i l l e t / p i g e o n p e a ,  mung- 
b e a n / c a s t o r ,  g roundnut /p igeonpea  i n t e r c r o p s  a r e  more advantageous 
i n  b o t h  y i e l d  advantage  and n e t  r e t u r n s .  A l l  t h e s e  i n t e r c r o p s  
i n c l u d e  a  l o n g  d u r a t i ~ n  c r o p  s o  t h e r e  i s  temporal  complementar i ty  
(Rao and W i l l e y ,  1980) and a l s o  i n c l u d e s  t h e  advantageous e f f e c t s  
o f  a  legume. 
2 .  I t  i s  p o s s i b l e  t o  have s e q u e n t i a l  c ropping  systems i n v o l v i n g  s h o r t  
d u r a t i o n  c r o p s .  T h i s ,  however, would depend mainly on t h e  r a i n f a l l  
d i s t r i b u t i o n  a f t e r  t h e  h a r v e s t  o f  t h e  f i r s t  c r o p  could  be reduced 
t h e n  t h e  c r o p p i n g  sys tem might  even prove  t o  be more b e n e f i c i a l .  
3 .  I t  was found t h a t  r e l a y  c r o p p i n g  i s  n o t  a  f e a s i b l e  o r  remunera t ive  
c r o p p i n g  system, due t o  t h e  problems o f  p l a n t i n g  o f  t h e  r e l a y  c r o p  
w i t h o u t  damaging t h e  f i r s t  c r o p .  
4 .  The n e t  r e t u r n s  from r a t o o n  c r o p p i n g  sorghum a r e  no t  h i g h ,  bu t  s t i l l  
it i s  a  f e a s i b l e  c r o p p i n g  system, which can  be used  t o  ex tend  t h e  
c r o p p i n g  s e a s o n  beyond t h e  r a i n y  season .  
5. I n  most o f  t h e  c r o p p i n g  sys tems  b e i n g  e v a l u a t e d  t h e  y i e l d  and n e t  
income was more under  h i g h  f e r t i l i t y  t h a n  under  low f e r t i l i t y .  
flowever, t h e  n e t  b e n e f i t  r a t i o  and t h e  v a l u e / c o s t  r a t i o  o f  
f e r t i l i z e r  u s e d  was h i g h  under  low f e r t i l i t y  t h a n  h i g h  f e r t i l i t y ,  
and i f  monetary r e s o u r c e s  a r e  l i m i t e d ,  t h e n  i t  would be more 
economical  n o t  t o  a p p l y  h i g h  f e r t i l i z e r  r a t e s .  
6 .  Var ious  p e o p l e  had r e p o r t e d  t h a t  i t  i s  n o t  p o s s i b l e  t o  mechanize 
i n t e r c r o p p i n g .  However, from t h i s  s t u d y ,  i t  was found t h a t  i t  
i s  p o s s i b l e  t o  do a l l  t h e  p l a n t i n g  w i t h  bul lock-drawn t r o p i c u l t o r .  
The o n l y  p l a n t i n g  which is n o t  r e a l l y  f e a s i b l e  i s  r e l a y  c r o p p i n g  
due t o  damage 6 t h e  f i r s t  c r o p .  The u s e  o f  r e l a t i v e l y  l a r g e  
p l o t s ,  made t h i s  a s s e s s m e n t  p o s s i b l e .  
7. The a d v a n t a g e s  o f  u s i n g  r e s e a r c h  w a t e r s h e d  f i e l d s  i n  t h e  r e d  s o i l  
c o u l d  n o t  b e  c l e a r l y  p o i n t e d  o u t  i n  t h i s  exper iment  hecause  no 
d a t a  on r u n o f f  o r  d r a i n a g e  p r o b l e m  were t a k e n .  The o n l y  advantage  
t h a t  was found i n  t h i s  exper iment  i s  t h a t  i t  i s  e a s i e r  t o  gu ide  t h e  
b u l l o c k s  a l o n g  t h e  f l ~ r r o w s  and hence p l a n t  i n  more s t r a i g h t  rows.  
SUMMARY 
7he exper iment  e n t i t l e d  " E v a l u a t i o n  o f  d i f f e r e n t  c ropping  
sys tems  f o r  A l f i s o l s  a t  d i f f e r e n t  f e r t i l i t y  l e v e l s  on an o p e r a t i o n a l  
s c a l e "  was c a r r i e d  o u t  a t  ICRISAT Research C e n t r e  d u r i n g  t h e  Khnri f 
and Rabi s e a s o n s  1982 /83 .  A t o t a l  o f  f i f t e e n  c roouing  sys tems  wcre 
e v a l u a t e d .  These i n c l u d e d  seven i n t e r c r o p p i n g  sys tems ,  one r e l a y  
c r o p p i n g  sys tem,  two s e q u e n t i a l  c r o p p i n g  s y s t e m s ,  one rn toon  c ropping  
and f o u r  s o l e  c r o p p i n g  sys tems .  Two f e r t i l i z e r  l e v e l s  werc u s e d ,  a  
h l g h  l e v e l  o f  (80-22-0) and low fertility l e v e l  o f  ( 2 0 - 1 2 - 0 ) .  
The s a l i e n t  f e a t u r e s  t h a t  were o b s e r v e d  from t h i s  experiment 
were : 
i )  Tha t  l i g h t  i n t e r c e p t i o n  was g e n e r a l l y  h i g h c r  under  h j g h  
f e r t i l i t y  t r e a t m e n t s  t h a n  under  low f e r t i l i t y  t r e a t m e n t s ;  
and t h a t  i n t e r c r o p p i n g  incrcnsec! l i g h t  i n t e r c c p t i  on s i  gni f i  - 
c a n t l y  a s  compared t o  t h e  s o l e  c r o p s .  
i i )  That  t h e  y i e l d  o f  i n d i v i d u a l  c r o p s  under  h i g h  f e r t i l i t y  
t r e a t m e n t s  was a lmos t  t w i c e  t h e  y i e l d  under  low f e r t i l i t y  
t r e a t m e n t s .  T h i s  r e l a t i o n s h i p  was n o t  o b s e r v e d  i n  c a s e  o f  
moneta ry  n e t  b e n e f i t s ,  because  t h i s  was more dependent  
on t h e  i n d i v i d u a l  p r i c e s .  
i i i )  The Land E q u i v a l e n t  R a t i o s  CLER)  f o r  i n t e r c r o p p i n g  h a v i n g  
any l o n g e r  d u r a t i o n  c r o p s  e . g .  sorghum/pigeonpea i n t e r c r o p  
was h i g h e r  t h a n  f o r  i n t e r c r o p s  hav ing  s h o r t - d u r a t i o n  c r o p s ,  
r e f l e c t i n g  t h e  b e t t e r  u t i l i z a t i o n  o f  l i g h t  and s o i l  m o i s t u r e .  
( i v )  The L E R  was h i g h e r  u n d e r  low f e r t i l i t y  t h a n  
u n d e r  h i g h  f e r t i l i t y .  
(v )  I n t e r c r o p p i n g  s y s t e m s  h a v i n g  l o n g  d u r a t i o n  c r o p s  
had  more n e t  r e t u r n s  t h a n  t h o s e  h a v i n g  s h o r t  
d u r a t i o n  c r o p s .  Fo r  example ,  g ro rmdnu t /p igeonpca  
i n t e r c r o p  had  a  mean n e t  r e t u r n  o f  Rs 2 ,575/ha  a s  
compared t o  a  mean o f  R s  599 /ha  f o r  sorghum/cowpe;l 
i n t e r c r o p .  S e q u e n t i a l  c r o p p i n g  f o l l o w e d  1on.g 
d u r a t i o n  i n t e r c r o p p i n g  s y s t e m s .  S o l e  c r o p p l n g  
o f  l o n g  d u r a t i o n  c r o p s  a l s o  gave  good n c t  r e t r l r n s  
e . g .  s o l e  c a s t o r  gave  a s  much a s  R s  1 , 7 9 9 / h n .  
As a  c o n c l u d i n g  r emark ,  i n t e r c r o p p l n g  s y s t e m s  w r r c  more p r o f i  t.11) lc 
t h a n  t h e  o t h e r  c r o p p i n g  s y s t e m s  and i n  t h e s e ,  i n t e r c r o p p i n g  o f  l o n g  
d u r a t i o n  c r o p s  were  t h e  most a d v a n t a g e o u s  bo th  i n  t e r m s  o f  L t R  and 
n e t  r e t u r n s .  
Re lay  c r o p p i n g  a l t h o u g h  would i n c r e a s e  t h e  c r o p p i n g  i n t e n s i t y ,  i s  
l i m i t e d  by t h e  p r o b l e m s  o f  p l a n t i n g  t h e  s e c o n d  c r o p  w i t h o u t  damaging 
t h e  s e c o n d .  S e q u e n t i a l  c r o p p i n g  gave good y i e l d  and good n e t  r e t u r n s  
b u t  t h e  t i m e  s p e n t  on l a n d  p r e p a r a t i o n  a f t e r  t h e  h a r v e s t  o f  t h e  f i r s t  c r o p  
can b e  c r i t i c a l  p a r t i c u l a r l y  i n  a  low r a i n f a l l  y e a r  and h e n c e  t h i s  
s y s t e m  h a v e  t o  b e  h a n d l e d  w i t h  c a u t i o n .  Tha t  l e a v e s  i n t e r c r o p p i n g  a s  
t h e  most f e a s i b l e  and  p r o f i t a b l e  o f  t h e  a l l  t h e  c r o p p i n g  s y s t e m s  
t h a t  were  b e i n g  e v a l u a t e d ,  
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Appendix I. t l e t e o r o l o p i c a l  d a t a  a t  ICRTSAT C e n t r e  
.June 1982 t o  Janrinr). 1983 
S t a n .  Rain-  Evapo- Maximum hfinimum K. Hu R .  tlu 
week f a l l  r a t i o n  temp. tgmp. 
mm mm O C  C 0 7 1 7  1417 
-- -- - - - - - - - - - -- - - -- 
S t a n .  R a i n -  Fvapo-  btaximum bllnimum K . H I I  R . 1 3 ~  q u n < l l i n c  
week f a l l  r a t i o n  temp 
0 t gml' 
mm mm C C 0-17  1 4 1 7  h r s  
Appendix 11. Number o f  days t o  emergence 
Treatment  1 s t  c r o p  
Sorghum/pi geonpe 
M i  1 l e t / p i  geonpea 
Mi 1 l e t / g r o u n d n u t  
P igeonpea/groundnut  
Mi 1 l e t / c a s t o r  
Mungbean/castor 
Sorghum/cowpea 
Mungbean + r e l a y  c a s t o r  
Mi 1 l e t  + s e q u e n t i a l  horsegram 
M i l l e t  + s e q u e n t i a l  cowpea 
So le  sorghum 
So le  p i  geonpea 
S o l e  groundnut  
S o l e  cowpea 
So le  c a s t o r  
2nd c rop  
Appendix 111- P l a n t  p o p u l a t i o n  a t  h a r v e s t  
Crop S o l e  c r o p p i n g  I n t e r c r o p p i n g  
Sorghum 
Mi 1  l e t  
(Groundnut  ) 
C a s t o r  
P i  geonpea  
Groundnut  
Cowpea 
Mungbean 
Ratoon sorghum 
R e l a y  c a s t o r  
S e q u e n t i  a 1  cowpea 
S e q u e n t i  a  1  
h o r s e g r a m  
1 2 0  
Appendix IV. Average grain or pod yields o f  different crops in k q ' h a  
Cropping system 
Sorghum/pi geonpea 
Millet/pigeonpea 
Mi llet/groundnut 
Pigeonpea/groundnut 
Millet/castor 
Mungbean/castor 
Sor ghurn/cowpea 
Mungbean + relay castor 
Millet + sequential horsegram 
Millet + sequential cowpea 
Sorghum + ratoon sorghum 
Sole pigeonpea 
Sole groundnut 
Sole cowpea 
Sole castor 
High fertility Low fertility 
80-50-0 
Yield of Yield of Yield of Yield of 
Crop 1 Crop 2 Crop 1 Crop 
- 
Appendix V. 
1. Seeds . 
Sorghum 
P e a r l  m i l l e t  
P i  geonpea 
Groundnut 
Cowpea 
Mung bean 
Castor  
Horsegram 
2. F e r t i  l i z e r  
Cost o f  i n p u t s  
1. D i  amnonium phosphate 
2. Gromor 
3. Urea 
3. P e s t i c i d e s  
1. Rogor 35 EC 
2. Thiodan 
3. Metasys tox  
Rs.3744 pe r  m e t r i c  t o n  
Rs. 3744 , , 
Rs. 2444 , ,  
Rs. 6 3 . 9 9 / l i t r e  
Rs . 6 4 . 9 3 / l i t r e  
R s . 8 8 . 0 7 / l i t r e  
Appendix V L  Market prices of the output in ~s/quintal 
Sorghum 97.000 
Pear l  m i l l e t  119.00 
Cowpea 233.00 
Mungbean 306.00 
Groundnut 339 .OO 
Cast o r  341 . O O  
Pi geonpea 400.00 
Sequen t i a l  cowpea 300.00 
Sequent ia l  horsegram 170.00 
Relay c a s t o r  300.00 
Ratoon sorghum 130.00 
Sorghum fodder 20.00 
Mi 1 l e t  fodder  10.00 
Pigeonpea f i r e  wood 10.00 
~ p p e n d i x  VII. V a r i a b l e  c o s t  f o r  h i g h  f e r t i l i t y  t r e a t m e n t s  i n  Rs /hec ta re  
Seed c o s t  F e r t i l i z e r  P e s t i c i d e  
C ropp ing  Systems c o s t  c o s t  
Rs/ha Rs/ ha Rs/ ha 
1. Sorghum/pi geonpea 127 
2 .  Mi 1 l e t / p i  geonpea 113 
3 .  Mi 1 l e t / g r o u n d n u t  426 
4. P igeonpea/groundn i t t  440 
5. M i l l e t / c a s t o r  166 
6.  Mungbean/castor  220 
7.  Sorghum/cowpea 167 
8. Mungbean + r e l a y  c a s t o r  220 
9. M i l l e t  + 
s e q u e n t i a l  horsegram 7 6 
10. M i l l e t  + 
s e q u e n t i a l  cowpea 106 
11. Sorghum + 
r a t o o n  sorghum 8 7 
12. So le  p igeonpea  40 
13. So le  g roundnu t  400 
14. S o l e  cowpea 8 0  
15. S o l e  c a s t o r  140 
Labour 
c o s t  
Rs/ha 
T o t a l  
v a r i a b l e  
c o s t  
Rs/ha 
AppendixVIII. Variable  c o s t  f o r  low f e r t i l i t y  t rea tments  in  Rs/hectare  
Cropping system 
Seed F e r t i  l i z e r  P e s t i c i d e  Labour Total  
c o s t  c o s t  c o s t  c o s t  v a r i a b l e  
c o s t  
Rs/ha Rs/ha Rs/ha Rs/ha Rs/ha 
Groundnut/pi geonpea 440 280 2  43 505 1469 
Mi 1  l e t / c a s t o r  166 280 9  7  768 1312 
Mungbean/castor 220 2  80 9  7  7 79 1377 
Sorghum/cowpea 167 280 9 7  573 1117 
Mungbean + r e l a y  c a s t o r  220 280 748 1248 
M i l l e t  + s e q u e n t i a l  horsegram 76 280 - 6  49 1005 
M i  l l e t  + s e q u e n t i a l  c w p e a  106 280 - 685 1071 
Sorghum + ratoon sorghum 87 280 44  682 1093 
Sole pigeonpea 
Sole groundnut 
Sole cowpea 
Sole c a s t o r  
I ,  Joseph Kangara Kirnemia was bo rn  on 23 rd  August 1956  i n  K i h i n g o  
V i l l a g e ,  Kiambu D i s t r i c t ,  Kenya. I was educated a t  B i b e r i a n i  Pr imary  
School, Ngenia H igh School ,  N j o r o  H i g h  School ,  and t h e  U n i v e r s i t y  o f  
N a i r o b i  where I graduated i n  B.Sc. A g r i c u l t u r e  i n  1980. I worked f o r  
t h e  M i n i s t r y  o f  A g r i c u l t u r e  a t  N a t i o n a l  D ry land  Research S t a t i o n  - 
Katumani t i l l  1981, when I proceeded t o  I n d i a  t o  do my Master Degree 
a t  Andhra Pradesh A g r i c u l t u r e  U n i v e r s i t y  under FA0 Scho la rsh ip .  
I d i d  my r e s e a r c h  work f o r  t h e  degree program a t  I n t e r n a t i o n a l  Crops 
Research I n s t i t u t e  f o r  t h e  Semi-Ar id  T r o p i c s .  
